Response to recurrent selection for yield improvement in soybeans by Sumarno,
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1981
Response to recurrent selection for yield
improvement in soybeans
Sumarno
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Sumarno, "Response to recurrent selection for yield improvement in soybeans " (1981). Retrospective Theses and Dissertations. 6857.
https://lib.dr.iastate.edu/rtd/6857
8122566 
SUM\RNO 
RESPONSE TO RECURRENT SELECTION FOR YIELD IMPROVEMENT IN 
SOYBEANS 
Iowa Stale University Ph.D. 1981 
University 
Microfilms 
I n 16 r n ât i O n â I 300 X. zeeb Road. Ann Arbor, MI 48106 
Response to recurrent selection for yield 
improvement in soybeans 
by 
Sumarno 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department : Agronomy 
Major: Plant Breeding and Cytogenetics 
Approved: 
In Charge of Major Work 
POT the Major De^rtment
For the Graduate College 
Iowa State University 
Ames, Iowa 
1981 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
INTRODUCTION 
LITERATURE REVIEW 
MATERIALS AND METHODS 
RESULTS 
DISCUSSION 
SUMMARY AND CONCLUSIONS 
REFERENCES 
ACKNOWLEDGMENTS 
TABLE OF CONTENTS 
Page 
1 
5 
27 
40 
91 
96 
98 
103 
1 
INTRODUCTION 
Conventional breeding methods for self-pollinated crops generally 
follow the sequential procedure of crossing two parents to create 
genetic variation, developing inbred lines, and testing the lines to 
identify superior genotypes for cultivar release. 
A disadvantage of a single-cross population is that genetic recom­
bination is limited to the genes present in the two parents. Because 
there is no intercrossing after the generation, genetic recombination 
is reduced with each generation of selfing. 
Although yield improvement in soybeans has been achieved through 
breeding (Williams and Specht, 1979), no major breakthrough has been 
achieved as that obtained in other crops such as corn, wheat, or rice. 
The biological nature of the soybean plant, which uses high energy for 
protein accumulation, and which does not respond to nitrogen fertilizer, 
could be the major reasons for the lack of any dramatic improvements in 
yield. Nevertheless, one may speculate that perhaps the most effective 
breeding procedure for increasing yield in soybeans has not been used. 
Recurrent selection in a broad-base population has theoretical 
advantages over conventional breeding programs that utilize single-cross 
populations. In recurrent selection, the base populations generally are 
developed by intermating many parents to obtain greater genetic recombina­
tion. Furthermore, the lines selected as parents from each cycle of 
selection are intermated to obtain recombination among selected alleles. 
By repetitive selection and intermating of the selected genotypes, the 
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frequency of the desirable genes in the new population should be in­
creased if selection is effective; hence, there should be greater 
chance of obtaining superior lines from the improved population. 
Success of recurrent selection for improving traits in cross-
pollinated crops, particularly maize, has been reported. In self-
pollinated crops, the use of recurrent selection is still limited. One 
reason is the difficulty in obtaining hybrid seed by artificial hybrid­
ization. Use of a male sterile gene had been proposed to aid in the 
intercrossing stage (Brim and Stuber, 1973), but it has some disad­
vantages in the overall selection program (Fehr and Ortiz, 1975a). 
Despite the problem of artificial hybridization, there have been some 
reports indicating that recurrent selection is an effective breeding 
procedure for improving traits in self-pollinated crops (Miller and 
Rawlings, 1967; Matzinger and Wernsman, 1968; Kenworthy and Brim, 1979). 
Success of recurrent selection in self-pollinated crops depends on 
several factors. One factor is the accuracy in identifying superior 
genotypes to be used in subsequent intercrossing. Yield testing in 
several locations and years may be required. On the other hand, testing 
in several years would prolong the time required to complete a cycle of 
selection. To obtain maximum genetic gain per year, one cycle of selec­
tion should be completed as quickly as possible. From this point of 
view, the choice of breeding procedures is important. The most useful 
method is one that allows the breeder to complete one cycle in the short­
est time with high accuracy in selecting high yielding lines. Use of a 
winter nursery for intermating or inbreeding the lines could reduce the 
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time required per cycle. 
Breeding populations developed for a recurrent selection program 
usually are derived from many parents. From such a population, a large 
amount of genetic variation should be obtained. The amount of genetic 
gain obtained from selection is affected by the number of lines that 
can be evaluated. A method of yield evaluation that permits the eval­
uation of a large number of lines at reasonable cost, such as hill plots, 
would be useful in recurrent selection. 
Evaluating progress from recurrent selection in self-pollinated 
crops, especially for yield, can be a problem. Yield in self-pollinated 
crops is measured from the performance of the inbred line in pure stand. 
Random inbred lines from each cycle may be compared, but the small number 
of lines that can be tested may not adequately estimate the mean yield 
of lines from the cycle. Another method of evaluating the response to 
recurrent selection would be to compare the selected lines from eaéh 
cycle. A comparison of cycles using composites of seeds of selected 
lines from each cycle could be used; however, intergenotypic competition 
in the composite may affect the results. 
Three cycles of recurrent selection for yield in a soybean popula­
tion have been completed at Iowa State University. The seeds of the 
original parents, cycle 0, cycle 1, and cycle 2 were available for eval­
uation. 
The objectives of my research were: 
(1) To evaluate the yield response from three cycles of recurrent selec­
tion for yield in a soybean population. 
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(2) To study the effect of recurrent selection on the unselected 
agronomic traits, and 
(3) To compare the response of selection, evaluated using individual 
parents, composites of the parents, and composites of unselected 
lines from each cycle. 
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LITERATURE REVIEW 
Recurrent selection, as proposed by Jenkins (1940) and Hull (1945), 
originally was described as a method for population improvement in cross-
pollinated crops. The objectives of recurrent selection are to increase 
the frequency of the favorable alleles in the population, to increase the 
population mean, and to maintain genetic variability in the population. 
Hull (1945) defined recurrent selection as "re-selection generation 
after generation, with interbreeding of selects to provide for genetic 
recombination." The basic principle of the procedure is to identify 
the superior genotypes in the population, and to intercross those 
superior genotypes to form a new population for further selection. The 
procedure is repeated for several cycles until the desirable genotypic 
value of the population is obtained. 
Theoretically, recurrent selection should be successful when the 
trait under selection is inherited quantitatively and genetic variance 
in the population is due to additive gene effects. With a quantitatively 
inherited trait, the probability of fixing all desirable genes in one 
genotype with one generation of selection is very small. The families 
or lines selected from the population, however, each carry some of the 
desirable alleles. If these selected lines are intercrossed, the new 
population should have a higher frequency of the favorable alleles than 
the previous one. Repeating the process of selection and intercrossing 
the selected lines should result in improvement of the population mean. 
Several plans of recurrent selection have been proposed. Recurrent 
selection for improving general combining ability (Jenkins, 1940), 
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recurrent selection for improving specific combining ability (Hull, 
1945), reciprocal recurrent selection (Comstock et al., 1949), and 
reciprocal full sib recurrent selection (Hallauer, 1967; Lonnquist and 
Williams, 1967), are methods that are more suitable for cross-pollinated 
crops in which the ultimate goal is to develop a hybrid cultivar or some 
type of population cross. In self-pollinated crops, the procedure for 
recurrent selection generally involves testing the selfed progeny of 
lines extracted from the population, and recombination of the selected 
lines (Fehr and Ortiz, 1975a). 
Penny et al. [1963) divided recurrent selection into two types: 
(1) phenotypic recurrent selection, in which the phenotype of the lines 
is the basis of selection, and (2) genotypic recurrent selection, in 
which the genetic value of the lines is evaluated by progeny tests. 
All recurrent selection methods involve three steps: (1) intermating 
of the parents, (2) developing lines (families), and (3) selection 
among lines to identify superior genotypes as parents of the next 
cycle. 
Comstock (1977) listed three requirements for success in recurrent 
selection: (1) simple epistasis does not interfere with the progress 
from selection; (2) the selection criterion should be effective in 
selecting the most useful allele of every segregating gene; and 
(3) effective population size should be sufficient to trivialize the 
genetic drift and to maintain genetic variation. 
Success from recurrent selection in cross-pollinated crops has been 
reported by several workers (Sprague et al., 1952; Jenkins et al., 1954; 
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Penny et al., 1967; Burton et al., 1971; Darrah et al., 1972; Russell 
et al., 1973; Eberhart et al., 1973; Horner et al., 1973; Moll et al., 
1977). 
Sprague et al. (1952) compared recurrent selection using SI line 
selection with selection among the selfed progeny of the selected lines 
(pedigree selection) in an attempt to improve oil content of the maize 
kernel. Two cycles of recurrent selection increased oil content from 
4.97 to 7.00%, an increase of 0.41% per year. Selection among the selfed 
progenies increased oil content from 4.97 to 5.62% during five genera­
tions, an increase of 0.13% per year. 
Jenkins et al. (1954) conducted recurrent selection to increase 
resistance to leaf blight in maize. With three cycles of phenotypic 
recurrent selection, the resistance level was improved significantly. 
They suggested that with only two cycles of selection, the resistance 
level in the population had been improved sufficiently. Similar posi­
tive results also were reported by Penny et al. (1967) in selecting for 
resistance to the European corn borer in maize. They obtained a high 
level of resistance to corn borer from two cycles of phenotypic recurrent 
selection. 
Significant yield improvement has been obtained from recurrent 
selection in maize (Burton et al., 1971; Darrah et al., 1972; Eberhart 
et al., 1973; Horner et al., 1973; Moll et al., 1977). 
Recurrent Selection in Self-Pollinated Crops 
The breeding programs for self-pollinated crops, consciously or not, 
have involved a type of recurrent selection. Parents for crossing were 
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selected from the best cultivars available. Because certain cultivars 
were used more frequently as parents than the others, the genetic base 
of the breeding population became narrower. Jensen (1970) stated that 
in cereal crops the breeding programs relied on hybridization of two 
parents followed by n selfing generations and line selection. The 
superior progenies of the crosses were used then as parents for the next 
program in repetitive cycles. He pointed out some disadvantages with 
this procedure as (1) multiple parent participation in any one popula­
tion is limited (2) genetic variability and recombination potential are 
low, and (3) there are strong inbreeding tendencies. 
In soybeans, Luedders (1977) indicated that most cultivars released 
in the United States in the seventies were involved in essentially two 
cycles of recurrent selection from their progenitors grown in 1920. 
The yield improvement was 26% in the first cycle and 16% in the second 
cycle. Lodging also was reduced, 21% in the first cycle and 20% in the 
second cycle, 
Williams and Specht (1979) yield tested 240 soybean cultivars of 
maturity groups 00 to IV released from 1902 to 1977. They found that 
simple linear regression of cultivar yield on the year of cultivar 
release was significant, with gain per year of 18.4±2.5 kg/ha. They 
also reported that in 19 northern states of the U.S.A. where one or more 
of the maturity groups 00 to IV were grown, the yield had increased 23.2 
kg/ha per year, during 1924 to 1978. They indicated that 79% of the 
yield improvement could be attributed to genetic improvement. 
McProud (1979) studied the process of barley breeding programs in 
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three major barley areas. North Dakota (U.S.A.), the Netherlands, and 
Japan. He concluded that in each area, simple recurrent selection was 
used, involving 13 to 16 separate genetic resources. For each cycle of 
selection, 6.5 to 10.5 years were required. Eleven cycles of selection 
had been completed in North Dakota, compared with seven cycles of selec­
tion in the Netherlands and Japan. Based on this study, he suggested 
the use of more effective recurrent selection programs for barley breed­
ing, with attention given to increasing the genetic base and reducing 
the time required to complete a cycle of selection. 
The application of the recurrent selection in self-pollinated crops 
had been studied by several workers (Gilmore, 1964; Compton, 1968; 
Doggett and Eberhart, 1968; Brim and Stuber, 1973; Fehr and Ortiz, 
1975a). Gilmore (1964) outlined a plan of reciprocal recurrent selection 
for self-pollinated crops, for which male sterility was available and 
pollen was freely dispersed by the wind. Sorghum and barley were con­
sidered crops that could be improved with this plan. Two populations 
would be used for selection. Based on the performance of the test-cross 
progenies, superior plants in each population would be identified. The 
ultimate goal would be to produce a hybrid cultivar using inbreds 
extracted from two improved populations. No report, however, has veri­
fied the effectiveness of his plan. 
Compton (1968) suggested a method of recurrent selection for self-
pollinated crops using single-seed descent of lines derived from pop­
ulations. From n homozygous lines, n/2 pairs of crosses would be made. 
One random line would be extracted from each cross. He reasoned that 
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the genetic variance among these lines would be twice that of the 
original population, if all the genetic variance was additive. Select­
ing the top 10% of the lines and recombining them in a half diallel 
would enable the breeder to work with an intercrossing program that was 
manageable. By selecting among lines derived from different single 
crosses, he theorized that gain should be twice as great as selecting 
among lines from the same single cross. 
Doggett and Eberhart (1968) outlined a procedure for recurrent 
selection of sorghum. Genie male sterile lines were used to facilitate 
intercrossing. Mass selection for some agronomic traits and yield per­
formance tests of the SI lines were employed. The highest yielding 10 
to 20% of the lines were selected, and using the remnant SI seeds, the 
selected lines were intermated. Intermating was possible because 25% of 
the SI plants were male sterile. Seeds harvested from male sterile plants 
were bulked to form the new population. 
Brim and Stuber (1973) proposed a method of recurrent selection in 
soybeans using genie male sterility as an aid in the intercrossing 
phase. By including the male sterile gene in the parents, the segregates 
of male sterile plants would be found in the population. Their basic 
scheme of using male sterility for recurrent selection consisted of 
three generations. In generation 1, the population containing segregates 
of male sterile plants were naturally cross pollinated by male fertile 
plants. Seeds from male sterile plants would be harvested. In genera­
tion 2, the hybrid seeds harvested from male sterile plants would be 
advanced by natural selfing and the fertile plants would be identified. 
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Two families would be possible for use in testing: SI families, if 
seeds were harvested from a single fertile plant chosen randomly from 
the progeny of each plant in generation-1, or a selfed half-sib family, 
if seeds were harvested from all or several fertile plants from the 
progeny of each plant of generation-1. Generation-3 consisted of test­
ing progenies of the fertile plants produced in generation-2. The 
remnant seeds of the selected family would be composited to make a new 
intermated population, using segregates of male sterile plants in the 
population. 
A drawback of male sterility is that in the testing stage some 
plants would be male sterile. This may make yield testing unreliable 
because the number of male sterile plants would not necessarily be the 
same among families. Fehr and Ortiz (1975a) considered that recurrent 
selection using genie male sterility in self-pollinated crops may be 
more suitable for improving traits other than yield, where testing would 
not be affected by the presence of the male sterile plants. Use of 
male sterility, however, eliminates hand pollination which is usually 
tedious in self-pollinated crops such as soybeans. 
Fehr and Ortiz C1975a) outlined a recurrent selection program in 
soybeans which enabled them to complete one cycle per year when using 
SI family testing, or in 2 years when using S4 family testing. The rapid 
cycle was made possible by using a winter nursery for crossing and in­
breeding. They compared the genetic gain possible from the use of male 
sterility and from hand crossing using SI and S4 family selections. 
They concluded that, based on the assumption of similar genetic 
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variances among populations, the greatest genetic gain (54 g/plot) would 
be obtained by using SI family testing without the use of male sterility. 
S4 family testing without male sterility had the second greatest 
genetic gain per year (41 g/plot). SI testing with the use of male 
sterility had a genetic gain per year of 27 g/plot. Half sib family 
selection derived from populations with male sterility had the lowest 
expected genetic gain per year of 10 g/plot. The disadvantage of using 
male sterility for intercrossing was that more seasons were required to 
develop families for testing which were homozygous for male fertility, 
and hence, reduced the genetic gain per year. They emphasized, however, 
that genetic gain per year was only one of many considerations in select­
ing an appropriate method for yield improvement. They also pointed out 
that recurrent selection should be integrated into an overall cultivar 
development program. 
Fehr (197 6) indicated that genetic gain per year could be increased 
by reducing the number of years to complete a cycle of selection, by 
increasing the genetic variability available for selection, and by in­
creasing the number of lines tested. Reducing years per cycle could be 
achieved by using greenhouses or winter nurseries, increasing the number 
of lines to be tested could be achieved by using computers and plot 
equipment, and genetic variability could be increased by crossing many 
different parents. 
Although several procedures are available to conduct recurrent 
selection in self-pollinated crops, few breeders have been using this 
procedure for yield improvement. Brim (1973) listed some possible 
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difficulties in using recurrent selection for yield improvement in soy­
beans as (1) difficulties in artificial crossing, (2) the low number of 
seed set per cross, (3) the time required for each cycle of selection, 
and (4) the lack of efficient means for testing progeny consisting of 
only a few plants. 
Success of recurrent selection for improving various traits in self-
pollinated crops has been reported by several workers; in soybeans 
(Burton and Brim, 1978; Kenworthy and Brim, 1979; Brim and Burton, 1979; 
Miller and Fehr, 1979; Prohaska and Fehr, 1981), cotton (Miller and 
Rawlings, 1967; Meredith and Bridge, 1973), tobacco (Matzinger and 
Wernsman, 1968), and oats (Stuthman and Stucker, 1976). 
Miller and Fehr (1979) conducted recurrent selection for increasing 
seed protein in soybeans. The source population was developed by cross­
ing 12 high-yielding lines with 12 high protein lines and intermating 
their progeny three generations. Direct selection for high protein and 
indirect selection using low oil were applied to 100 random SI lines. 
The 10 lines with highest protein and 10 lines with the lowest oil were 
used to develop two cycle 1 populations and 100 random SI lines from 
each population were evaluated for their protein. The selection for 
high protein per se increased the protein from 43.1% to 44.6%, while 
indirect selection using low oil increased the protein from 43.1% to 
43.9%. An increase in protein of the SI population, however, was 
accompanied by an increase in maturity, 5.3 days later for the high pro­
tein selections, and 9.3 days later for the low oil selections. To avoid 
the shift in maturity toward lateness, they suggested using maturity 
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class selection, linear regression adjustment, or a selection index 
where desired gain for maturity was zero. The shift of the maturity 
toward lateness was also reported by Fehr (1974) when he selected high 
yielding lines based on SI line performance. 
Kenworthy and Brim (1979) evaluated progress from three cycles of 
recurrent selection based on SI line performance for yield improvement 
in soybeans. The base population was developed by backcrossing an 
adapted line to each of nine plant introductions. From the 477 BCIF^-
derived lines that were evaluated for yield, 55 high yielding lines 
were selected and designated as the cycle 0 selected lines. They used 
three selection criteria, seed yield per se, efficiency (harvest index), 
and an index selection in which the ranks of the lines for seed yield 
and efficiency were weighted equally. The 55 selected cycle 0 lines 
were intermated and the SO seeds were selfed to produce 431 SI lines 
which represented the cycle 1 population. Three sub-populations were 
developed from the 431 lines corresponding to the three selection cri­
teria, The top 20 lines were selected from each sub population based 
on each of the selection criteria. Selection was based on SI line 
performance evaluated in a replicated nine-hill plot grown at one loca­
tion. The selected lines were intermated separately for each population 
to form the cycle 2 populations. The process was repeated until cycle 3. 
Response to recurrent selection using each selection criterion was 
evaluated by comparing composites of the 20 selected lines in each cycle. 
An additional test was conducted in 1 year at one location to compare 
the performance of the individual selected lines within cycles. The 
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results indicated that recurrent selection was effective in increasing 
yield when the selection criterion was yield per se. The average 
yield increase was 134±30 kg/ha per cycle, which represented a 16% 
gain of the cycle 3 over the cycle 0 or 20% gain of the cycle 3 over 
the adapted parent D49-2491. The yield increase in cycle 3 was 
also confirmed by the experiment using individual selected lines from 
each cycle. Selection based on the index had a small, nonsignificant 
yield increase of 38±55 kg/ha per cycle, while the use of efficiency 
had a nonsignificant yield decrease of 2±47 kg/ha per cycle. They con­
cluded that recurrent selection could be used to develop populations of 
greater diversity and productivity. 
Brim and Burton (1979) obtained significant progress by recurrent 
selection for increased seed protein in two soybean populations. Popu­
lation lA was derived from the cross of a high yielding, high protein, 
late maturing line D54-4110 by a high yielding, early maturing, lower 
protein line N56-4071. Cycle 0 lines were selected from 247 lines 
with high protein content. The 102 cycle 0 lines were intermated to 
form the cycle 1 population. Six cycles of selection were conducted. 
Population IB was derived from the same source population as that of 
population lA except that the effective population size of the popula­
tion IB was smaller. Population IIA was developed from crosses of nine 
unadapted lines with high protein by an adapted experimental line D49-
2491, and then F^'s were backcrossed to the adapted line. The 477 back-
cross-derived lines were advanced to the F^. The 76 high protein lines 
were selected as cycle 0 lines of population IIA, and another 18 high 
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protein lines as cycle 0 lines of population IIB. Five cycles of selec­
tion were completed in the population II. Evaluation of response to 
selection was determined by comparing composites of selected lines 
within each cycle. Linear increases in protein were obtained in each 
of the four populations. In population I, the rate of increase in pro­
tein content was 0.33% per cycle for population lA and 0.29% per cycle 
for population IB. The protein content of the cycle 6 was 6% higher 
than the mid-parent value and 2.6% higher than the high protein line 
D55-4110. In population II, the rate of increase in protein content 
was 0.67% per cycle for population IIA, and 0.59% per cycle for popula­
tion IIB. Oil content was decreased in all populations, while yield 
decreased in population II. Total protein per hectare did not increase 
in population II because the increase of protein was offset by the de­
crease in yield. 
Burton and Brim (1978) reported an increase in oil content in a soy­
bean population following three cycles of recurrent selection. The per­
centage oil content increased from 18.4 to 19.5%, an increase of 0.38% 
per cycle. Total oil produced increased from 417 to 426 kg/ha. 
Significant response from recurrent selection was reported by 
Prohaska and Fehr (1981) for resistance to iron-deficiency chlorosis in 
soybeans. The base population was developed by three generations of 
intermating among ten resistant cultivars and ten resistant plant intro­
ductions. In each cycle, 100 SI lines were evaluated before flowering, 
and the 10 most resistant lines were selected and intermated. The 
development of SI lines for testing was conducted in the winter nursery 
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in Puerto Rico. One cycle of selection was completed each year. Signifi­
cant linear improvement in chlorosis resistance was obtained from cycle 
0 to cycle 2. The average genetic gain per cycle was 9% of the cycle 0 
mean. 
Miller and Rawlings (1967) conducted three cycles of recurrent selec­
tion for increased lint yield in upland cotton. Selection was based on 
SI line performance. The response to recurrent selection was evaluated 
by testing individual parent lines selected from each cycle and the two 
original parents. The mean yield of the cycle 3 parents was 29.7% 
greater than that of the original parents or 13.0% greater than the 
highest yielding original parent. The response over three cycles of 
selection was linear and significant. They concluded that recurrent 
selection based on replicated tests grown in two or three environments 
was very effective for increasing lint yield. 
Meredith and Bridge (1973) completed three cycles of recurrent selec­
tion for lint percentage in cotton. Selection for lint percentage was 
practiced in two stages; on a plant basis in the generation followed 
by selection on replicated progeny-rows of Fg-derived lines in the F3. 
Paired crosses were made among selected lines to initiate the next cycle. 
To evaluate the effect of recurrent selection, an equal number of seed 
from the selected lines were bulked within the cycle and compared in a 
yield test. The mean of lint percentage increased from 33.8% in cycle 0 
to 38.0% in cycle 3. The increase in lint percentage was accompanied by 
an increase in lint yield. 
Matzinger and Wernsman (1968) obtained a linear increase in leaf 
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yield of tobacco from four cycles of recurrent mass selection. One 
cycle of selection was completed in one season because the selection cri­
terion was the yield of green leaves and the selected plants were 
induced to flower for intercrossing. The response to the selection was 
evaluated by testing the population from each of the four cycles. The 
population was formed by random paired crosses among selected plants 
within each cycle. The seeds from 100 paired crosses within each cycle 
were bulked. A linear increase in leaf yield was obtained averaging 
44 g/plant per cycle. They also found that genetic variability within 
the improved population was maintained. 
Stuthman and Stucker (1976) reported a significant yield increase 
obtained from one cycle of recurrent selection in oats. The base popu­
lation was formed by crossing 12 high-yielding oat cultivars in a 
diallel. The progeny were advanced to the using single seed descent. 
Yield selection was practiced on the F^-derived lines in the F^ genera­
tion. The 12 highest yielding lines were selected and crossed in a 
partial diallel to initiate the second cycle. The progeny were advanced 
to the F^ and F^-derived lines in the F^ were yield tested. The original 
parents and the cycle 1 parents were included in the test. The mean 
yield of the second cycle progeny was 33.4% greater than that of the 
original parents, but the maturity mean was 2.4 days later. 
Development of Breeding Populations and Inbred 
Lines in Self-Pollinated Crops 
The conventional method of developing breeding populations in self-
pollinated crops is by crossing two parents or by backcrossing. The 
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parents used for crossing usually are related to each other, for reasons 
of similarity in their adaptation, high yield, maturity or other 
traits. As a result, the germplasm background of the cultivars released 
in a region is becoming more similar. Legg et al. (1965) and Jensen 
(1970) listed the disadvantages of using populations derived from two 
parental crosses as: (1) the size of the gene pool is too small, and 
the number of desirable genes from any two parents is limited; (2) only 
a limited amount of recombination can be obtained; and (3) the accumula­
tion of linkage blocks is favored, so that new linkages are rarely 
formed. 
Hanson (1959) suggested the inclusion of one to four generations 
of intermating to break up the linkage blocks and to obtain new geno-
typic combinations in the population. Furthermore, he suggested the use 
of at least four parents to synthesize the intermating population. 
From a simulation study, Baker (1968) concluded that mating of 20 
to 30 pairs of randomly chosen Fg individuals would approximate true 
random mating, to the extent that genetic drift would not negate the 
effects of random mating. 
Method of forming populations derived from several parents have been 
suggested by several workers (Harlan and Martini, 1929; Harlan et al., 
1940; Suneson, 1945; Jensen, 1970; Fehr and Clark, 1973). Harlan and 
Martini (1929) made diallei crosses among 28 adapted barley cultivars 
from diverse origins. The same amount of F^ seeds from the 378 crosses 
were bulked to form a composite population. The F^ seeds were harvested 
in bulk and were grown in several research stations for selection. 
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Although this composite population was developed from many parents, it 
was essentially a mixture of biparental populations because no recombina­
tion occurred among the two crosses. 
Harlan et al. (1940) suggested population development by crossing 16 
to 32 parents in single crosses, double crosses, etc. until the final 
crosses included all the parents. The weakness of this scheme was that 
only a small part of the genetic recombination would be retained in the 
final population. To accommodate all recombinants from all parents, a 
very large number of crosses should be made in successive crossing gener­
ations. 
Suneson (1945) developed composite crosses of barley cultivars that 
carried male sterile genes. Eight leading barley cultivars were crossed 
to a male sterile line and the Fj's were composited. In the Fg and 
generations, only seeds from male sterile plants were harvested to obtain 
natural crosses. After three seasons of random crossing, the population 
was advanced in bulk for several generations and selection of homozygous 
lines was practiced. The principle of using male sterility for inducing 
natural crossing in a self-pollinated crop also has been used in sorghum 
(Doggett and Eberhart, 1968) and soybeans (Brim and Stuber, 1973). 
Jensen (1970) proposed a plan which he called diallel selective 
mating. Several parents would be mated in diallel crosses and the F^'s 
also would be crossed in a diallel. The double cross progeny would be 
advanced to the F^, and random crosses would be made among Fg plants. 
The selfed progenies of the selected F^ plants would be advanced to the 
Fg for yield selection. The hybrid seeds between Fg plants would be 
21 
selfed to obtain an Fg, and selected plants would be intermated. New 
parents could be included in any intermating, and selfed progeny of the 
F^'s could be advanced for cultivar development. According to Jensen, 
the diallel selective mating would accomplish three objectives: (1) to 
broaden the gene pool of the breeding population; (2) to break linkage 
blocks and to create new recombinants; and (3) to transfer the desired 
portion of the gene pool to the new hybrid population. The effectiveness 
of the procedure to accomplish the third objective, however, is question­
able because the use of visually selected F2 plants as parents would not 
be effective in improving the population for yield. 
Fehr and Clark (1973) developed five soybean populations that dif­
fered in the percentage of exotic germplasm incorporated in the popula­
tion. Four plant introductions (exotic germplasm) of soybeans and four 
adapted cultivars were used to develop the population. The different 
levels of exotic germplasm in the populations were developed by back-
crosses to the adapted cultivars or the plant introductions. The API 
population contained 100% exotic germplasm, AP2 75%, AP3 50%, AP4 25%, 
and AP5 0% exotic germplasm. In each population, five generations of 
random mating were employed, except for the API population which was 
intermated four generations. 
Populations formed by intermating several parents have been used 
frequently in self-pollinated crops (Legg et al., 1965; Brim and Stuber, 
1973; Fehr and Ortiz, 1975b; Miller and Fehr, 1979; Prohaska and Fehr, 
1981). Sneep (1977), however, questioned the advantage of using inter­
mated populations because of the impossibility of making an adequate 
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number of crosses to accommodate genetic recombination. 
On the issue of the effective population size. Baker and Curnow 
(1969) indicated that using populations of more than 16 would not be 
advantageous if short term genetic progress was the main concern. The 
effectiveness of small population size was demonstrated by Brim and 
Burton (1979) in selection for improved protein content in soybeans. 
They indicated that genetic gain obtained from a small population was 
as high as one obtained from a large population. 
In self-pollinated crops, populations serve as a source of inbred 
lines. Improved populations are not used directly for commercial crop 
production. Self-pollinated cultivars are the direct result of selec­
tion among inbred families. Therefore, proper inbred line development 
is an important consideration in cultivar development. Several methods 
had been described for developing inbred lines in soybeans (Fehr, 1978). 
Those methods in general could be grouped into two distinct procedures: 
(1) Selection during the formation of inbred lines. Included in this 
procedure are pedigree selection and early generation testing. 
(2) Rapid inbred line development without selection; the bulk and 
single seed descent methods belong to this procedure. 
Some practical advantages of the single seed descent method were dis­
cussed by Brim (1966). Fehr and Ortiz (1975a) indicated that single seed 
descent would be most useful when winter nurseries or greenhouses are 
used for advancing generations. Natural selection or genotype x environ­
ment interaction would not have an effect on the single seed descent 
method. Several reports indicated the usefulness of single seed descent 
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for cultivar development (Empig and Fehr, 1971; Luedders et al., 
1973; Knott and Kumar, 1975; Ivers and Fehr, 1978), Lines developed 
by single seed descent theoretically should have larger genetic vari­
ance because each line traces back to an Fg segregate and no selection 
within lines is practiced. The expected additive genetic variance among 
homozygous lines developed by single seed descent would be twice of 
that of the F^ population. With a large additive genetic variance 
among lines, genetic gain from selection should be maximized. 
Types of Genetic Variance in a Soybean Population 
Knowing the type of genetic variance in a population is important 
in planning the selection scheme in a breeding program. Use of recur­
rent selection for improving yield in self-pollinated crops assumes 
that the genetic variability in the population is mainly additive. Some 
studies have indicated that in soybean populations most of the genetic 
variation is additive (Horner and Weber, 1956; Gates et al., 1960; 
Brim and Cockerham, 1961; Croissant and Torrie, 1971). Only two studies 
have indicated that the nonadditive variance for yield is important in 
soybean populations (Leffel and Weiss, 1958; Hanson et al., 1967). 
The proportion of the additive genetic variance increases as lines 
are advanced to homozygosity. Brim and Cockerham (1961) indicated that 
with only additive genetic variance, the total genetic variance in any 
F^ selfed generation is (1 + I^)a A, where I^, the inbreeding coeffi­
cient, is 1 - (1/2)""^ and is 0 in the S^ or F2 population. The 
2 2 2 
variability among the homozygous lines would be + ..., 
2 
where + ... indicates epistatic variance. The genetic variance 
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among F^-derived lines would be 1 1/2 + 9/16 + ... + a^. 
The dominant variance decreases as lines are advanced in bulk for 
several generations. 
Hanson and Weber (1962) indicated that estimates of variance com­
ponents among lines were essentially free of bias from dominance, 
as shown by the close agreement of genetic gain calculated from vari­
ance estimates and from that of actual gain. 
Croissant and Torrie (1971) found that additive genetic variance 
was the major component of genotypic variances for all traits studied 
in two soybean populations. Dominance variance occurred for plant 
height, seed weight, and lodging, but the estimates were relatively 
small. 
Leffel and Weiss (1958) reported that for diallei crosses among 10 
soybean cultivars, complete dominance to over dominance was exhibited 
for yield and plant height, partial dominance was exhibited for oil con­
tent and seed size, while no or slightly partial dominance was present 
for flowering and maturity. 
Hanson et al. (1967) pointed out that epistatic variance was 
important for yield in soybeans. They suggested, therefore, that 
superior genotypes have unique genetic combinations which required 
extensive evaluation of the segregates to identify them. They noted 
that if epistatic variability was significant, the progress from recur­
rent selection would be slower than if all genetic variability was 
additive. 
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Methods for Evaluating Gain from Recurrent Selection 
in Self-pollinated Crops 
In most cases, the method of evaluating progress from recurrent 
selection depends on the objective of the selection. In a self-polli-
nated crop, recurrent selection for yield would have an objective of 
developing high yielding lines from the improved population. Therefore, 
progress from recurrent selection for yield could be evaluated by com­
paring the highest yielding lines from each cycle. 
Improved populations from recurrent selection in self-pollinated 
crops serve as a source of inbred lines. Evaluating progress from selec­
tion by comparing populations per se would be difficult because seed 
obtained from intermating selected lines is not sufficient for yield 
testing. Another possible method would be to compare composites of all 
lines from each cycle. Intergenotypic competition among diverse lines, 
however, may affect yield performance of the population. This method 
has not been tested. 
There are two possible ways of using the selected lines to evaluate 
recurrent selection: (1) testing composites of the selected lines from 
each cycle (Meredith and Bridge, 1973; Kenworthy and Brim, 1979); and 
(2) testing the performance of individual selected lines from each cycle 
(Prohaska and Fehr, 1981). 
Kenworthy and Brim (1979) used composites of parents of each cycle 
to evaluate the response to three cycles of recurrent selection for yield 
in soybeans. Meredith and Bridge (1973) also used composites of parents 
of each cycle to evaluate progress from three cycles of recurrent 
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selection for lint percentage in cotton. Matzinger and Wernsman (1968) 
used the composites of seeds from random paired crosses among parents 
of each cycle to evaluate gain from three cycles of recurrent selection 
for leaf yield in tobacco. Seed derived from crosses was sufficient 
for yield testing because much seed was produced from each cross of 
tobacco. 
Prohaska and Fehr (1981) evaluated gain from recurrent selection 
for resistance to iron-deficiency chlorosis in soybeans by comparing 
the 20 parents of cycle 0, 10 parents of cycle 1, and 10 parents of 
cycle 2. Evaluation of gain from recurrent selection for yield in soy­
beans using individual parents from each cycle was attempted by Kenworthy 
and Brim (1979), but the data were obtained only from one location in 
1 year. 
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MATERIALS AND METHODS 
The materials used in my study were obtained from an intermated 
population, AP6. The development of the AP6 population was described 
by Fehr and Ortiz (1975b). It was derived by three generations of inter-
mating of 40 high-yielding soybean strains of maturity groups 0 to IV 
(Table 1). The first intermating was done in 1970 by mating each strain 
to five of the other strains in a partial diallel (Figure 1), The pop­
ulations were advanced by single seed descent to the generation. 
For the second intermating, random F^ progeny from the two parent 
crosses were mated in a partial diallel, and the hybrid seeds were 
bulked. Plant-to-plant crosses were made among the hybrid plants and 
the hybrid seeds were bulked. The hybrid plants, equivalent genetically 
to the Fg, were harvested individually. The Fg-derived lines were ad­
vanced to the Fg generation by a form of single-seed descent in which 
progeny from each F^ plant was kept separate during inbreeding (Fehr, 
1978). Fg seeds from each Fg-derived line were planted in a separate 
plot and 12 F^ seeds were harvested by sampling each plant of the line. 
Twelve F^ seeds of each line were planted and Fg seeds were harvested as 
in the preceding generation. Fg seeds of each line were planted and one 
random Fg plant was harvested from each of 300 random Fg-derived lines. 
The progeny of the 300 Fg plants were evaluated in hill plots at 
Ames and Stuart, Iowa, in 1974. The entries were subdivided into three 
sets of 100 entries to reduce the size of a replication. Each set 
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Table 1. The 40 parents used to develop the AP6 population 
L65-1342 I 
L66L-144 III 
L66L-137 III 
L66-1359 IV 
SL 12 III 
Williams III 
Woodworth III 
IVR Ex 212 III 
IVR Ex 1501 I 
IVR Ex 4311 III 
IVR Ex 4426 III 
IVR Ex 4428 III 
IVR Ex 4731 III 
IVR Ex 5003 I 
Amsoy 71 II 
Beeson II 
Bonus IV 
C1453 I 
Calland III 
Cutler 71 IV 
Wells II 
C1483 IV 
Corsoy II 
Hark I 
Rampage I 
Wirth I 
Md62-3223 IV 
Md66-1258 IV 
Wye IV 
Anoka I 
Evans 0 
Hodgson I 
M59-120 II 
M60-92 0 
M62-177 0 
M62-263 I 
M62-275 I 
Steele I 
Swift 0 
Dunn I 
111. AES and USDA 
ft 
t r  
t t  
i r  
t t  
II 
Improved Variety Research, Inc. 
It 
ti 
It 
ti 
11 
It 
Ind. AES and USDA 
I I  
I t  
t t  
I t  
t t  
I I  
11 
Iowa AES and USDA 
I I  
I I  
t t  
Md. AES and USDA 
t l  
t t  
Minn. AES and USDA 
II 
II 
tl 
II 
tl 
II 
t t  
II 
t t  
Wis. AES and USDA 
^AES = Agricultural Experiment Station; USDA = 
Department of Agriculture. 
United States 
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1 
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i 
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10 late 
selections 
Figure 1. Summary of the development of the cycle 0, 1, 2, and 3 popula­
tions of AP6 
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included six check cultivars, Wirth, Corsoy, Amsoy 71, Beeson, Wayne, and 
Cutler 71, for use as maturity standards and to adjust for differences 
in yield among the three sets due to soil heterogeneity. Each set was 
grown in two replications of a randomized complete block design at each 
location. The single unbordered hill plot consisted of 12 seeds planted 
in about a 15 cm linear distance on a 1 m x 1 m grid. Any hill with less 
than three plants was replaced with seed of a cultivar, and the plot was 
considered missing. 
To maintain a broad maturity range in the population, both yield 
and maturity were considered when selecting the 30 lines to be used as 
parents to form the cycle 1 population. The 300 lines were subdivided 
into early, midseason, and late maturity classes of 100 lines each. Ten 
high yielding lines were selected from each maturity class, the ten 
lines having a range of maturity similar to that from which they were 
selected. The 30 selected lines will be designated the cycle 1 parents. 
The 30 lines were planted at Isabela, Puerto Rico, in November 1974 
and crossed in a diallel. The seeds were planted in February 1975 
at Isabela, and seeds of each cross were planted at Ames in May 1975. 
There were 300 random Fg plants harvested by sampling a similar 
number of plants from each of the crosses. F^ progeny of each plant 
were grown in a separate plot at Isabela in November, 1975. Twelve F^ 
seeds were harvested from each line and planted at Isabela in February 
1976. Two F^ plants were harvested from each of the 300 Fg families. 
Progeny of the 600 F^ plants were evaluated in two replications of hill 
plots at Ames and Stuart in 1976. The entries were subdivided into six 
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sets of 100 lines, and seven check cultivars, Hodgson, Corsoy, Harcor, 
Amsoy 71, Beeson, Woodworth, and Williams, were included. Plot tech­
niques were the same as described for the evaluation of lines from the 
cycle 0 population. Only 300 of the 600 lines were harvested for yield. 
One of the two F^-derived lines from each of the 300 families was 
chosen based on uniformity for maturity and overall agronomic desir­
ability. Lines also were discarded if they were earlier than Hodgson 
or later than Williams based on maturity data from Ames. 
The selection of 30 lines from the cycle 1 population was done in 
the same manner as for the cycle 0. The 10 highest yielding lines of 
the three maturity classes (designated the cycle 2 parents) were planted 
at Isabela in November 1976, and each set of 10 lines was crossed in 
separate diallels to form three subpopulations based on maturity. Sepa­
ration of populations based on maturity was initiated for two reasons: 
(a) it was difficult to harvest yield test plots of entries representing 
a broad range of maturity, and (b) the two test sites were well-suited to 
the lines of midseason maturity, but Stuart was farther south than desired 
for early lines, and Ames was farther north than desired for late lines. 
The F^, Fg, Fg, and F^ generations of the cycle 2 populations were 
grown in the same manner as described for lines of cycle 1, except that 
100 F2 families were maintained for each subpopulation. Two F^ plants 
were harvested from each of 100 Fg families per subpopulation at Isabela 
in May 1978. 
The 200 F^-derived lines of each maturity were divided into two 
sets of 100 entries from 50 Fg families. Each set also contained check 
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cultivars of appropriate maturity. Two replications of hill plots in 
a randomized complete block design were tested. Lines from the early 
subpopulation were evaluated at Corwith and Ames, midseason at Ames 
and Stuart, and late at Stuart and Agency, in 1978. Only 100 of the 
200 F^-derived lines were harvested for yield. One of the two lines 
from each of the 100 F2 families was discarded on the basis of uniformity 
for maturity and a time of maturity within the range of the check culti­
vars. 
The 10 highest yielding lines were selected from each of the sub-
populations of cycle 2. The linear and quadratic relationship between 
yield and maturity was used to adjust the yield of each line by regres­
sion (Miller and Fehr, 1979). The 10 lines with the highest adjusted 
yield were chosen as parents to form the cycle 3 population. 
Seed of the 40 parents of the cycle 0 (CO), 30 parents of cycle 1 
(CI) and cycle 2 (C2) and 300 lines of the CO, CI, and C2 were produced 
at Ames in 1978. Seed of the 30 parents of cycle 3 (C3) were obtained 
from the yield test of the lines during 1978. The lines were divided 
into early, midseason, and late sets for testing. 
Response to selection was evaluated by testing the parents of the CO, 
CI, C2, and C3, composites of the CI, C2 and C3 parents, and composites 
of the CO, CI and C2 lines. 
Experiment I (Exp, I) consisted of three maturity sets, early, mid-
season, and late. There were 50 entries in each maturity set, including 
13 entries of the CO parents, 10 entries each of the CI, C2 and C3 
parents, three entries of a seed mixture (composite) of CI, C2, and C3 
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parents, three entries of a composite of the 100 CO, CI, and C2 lines, 
and a check cultivar. In the late set there were 14 entries of the CO 
parents, and no check cultivar was included. 
Each set of the experiment was grown in six Iowa environments dur­
ing 1979 and 1980. The set of early maturity was evaluated at Knierim, 
Corwith, and Ames, the midseason set at Marshalltown, Stuart, and Ames, 
and the late set at Stuart, Ottumwa, and Ames in 1979 and 1980. 
Experiment II (Exp. II) tested composites of lines from the three 
maturity sets. There were 10 entries in Exp. II, including a com­
posite of the 40 strains of CO parents, composites of the 30 CI, C2, 
and C3 parents, composites of the 300 CO, CI, and C2 lines, and three 
recently released cultivars (Sloan, Oakland, and Cumberland) as checks. 
Exp. II was evaluated at eight Iowa environments, Ames, Marshall-
town, Stuart, and Ottumwa, in 1979 and 1980. 
Composites were formed by mixing the same number of seeds from 
each component. Number of seeds required for the 2 years of the 
experiment was calculated. The total number of seeds needed for each 
component was determined by dividing the total number of seeds required 
for testing by the number of components. 
The experiments were arranged in a randomized complete block 
design with three replications per environment for Exp, i, and 
four replications per environment for Exp. II. Plots consisted of four 
rows 4.6 m long with 69 cm between rows. The seeding rate was 26 
seeds/m of row. The plots were trimmed to 3 m at maturity and the 
center two rows harvested for yield with a plot combine. 
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Data were collected for seed yield, maturity, plant height, lodg­
ing, seed size, protein and oil content. Harvested seed was dried at 
40 C for 2 days before weighing. Maturity was determined as the number 
of days after July 31 when 95 to 100% of the pods had reached their 
mature color. Plant height was recorded as the distance in centimeters 
from the ground to the terminal node. Lodging was recorded on a scale 
from 1 (all plants erect) to 5 (all plants prostrate). Seed size was 
determined as the weight in grams of 200 seeds; then the value was 
divided by 2 to obtain grams per 100 seeds. Percentage protein and 
oil were determined with an infrared analyzer by the USDA Northern 
Regional Research Center, Peoria, Illinois. 
Maturity data were obtained from two of the three locations used 
for each maturity set each year. For the early set, the maturity data 
were taken from Ames and Knierim, and for the mid and late sets from 
Ames and Stuart, Seed size data were obtained from two replications 
per environment for each set of the experiment. Percentage protein 
and oil were obtained only for the early set because it was the only 
one that showed a significant change in yield in 1979. The test was 
made for each environment with a composite of seed from the three repli­
cations . 
Only yield data were obtained from Exp. II. Yield data were con­
verted into kg/ha. 
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Statistical Analysis 
Analyses of variance were performed for each trait using a model 
appropriate to the randomized complete block design. The composites in 
Exp. I were analyzed separately from individual parent entries. 
Data were analyzed for the individual environments and combined 
across six environments. In the combined analysis, environment was con­
sidered a random effect and entry a fixed effect. For individual en­
vironments, the analysis was computed using the following model: 
Y. . = m + G. + R. + e.. 
ij 1 J ij 
i = 1 to 43 for the early and midseason sets, 
1 to 44 for the late set 
j = 1 to 3 
where Y^^ = observed value of the i^^ entry in the replication 
m = overall mean effect 
I'll  
= effect of the i entry 
e.. = error associated with the ij^^ observation. 
For the analysis of data combined across environments, the following 
model was used: 
Yijk = m + E. + R.j + G^ + (EG).j^ + ^^jk 
i = 1 to 6, j = 1 to 3, k = 1 to 43 for the early and mid-
season sets, 1 to 44 for the late set 
where Y.=observed value for the k^^ entry in the replication of 
ijk 
the i^^ environment 
m = overall mean effect 
Ej^ = effect of the i^^ environment 
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R^j = effect of the replication within the i^^ environment 
= effect of the entry 
(EG)^j^ = interaction effect between the i^^ environment and the k^^ 
entry 
e . =  e r r o r  e f f e c t  a s s o c i a t e d  w i t h  t h e  i j k ^ ^  o b s e r v a t i o n .  
IJK 
In each analysis of variance, the mean square due to entries was 
subdivided into five components: (a) among CO parents, (b) among CI 
parents, (c) among C2 parents, (d) among C3 parents, and (e) among 
cycles. The component due to among cycles was further partitioned into 
three orthogonal contrasts: (a) CO parents vs. CI, C2 and C3 parents, 
(b) cycle linear, and (c) cycle quadratic. 
For the analysis of data at individual environments, the signifi­
cance of the entries and related components was tested against the pooled 
error (Table 2). For the combined analyses of data across environments, 
the significance of entries was tested by the entry x environment mean 
square. The entry components (among CO parents, among CI parents, 
etc.) were tested by their respective entry x environment mean 
square. The significance of the entry x environment interaction was 
tested by the pooled error. The orthogonal comparisons were each tested 
by the among cycle x environment mean square. The form of analyses of 
variance for the data combined over environments is outlined in Table 3. 
Response to selection was evaluated by the regression of character 
performance on cycle number. The significance for the slope of regres­
sion was tested by the line x environment mean square. Differences 
among slopes of regression due to different methods of evaluation within 
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Table 2. Form of the analysis of variance for data from 43 entries 
of the early and midseason sets ana 44 entries of the late 
set in Experiment I for individual environments 
Source of variation df 
mean square 
Replications (R) 2 
Entries (G) 42 (43) a + 3K^G 
Among CO parents (CO) 12 (13) + 3K^C0 
Among CI parents (CI) 9 + 3K^C1 
Among C2 parents (C2) 9 
e 
+ 3K^C2 
Among C3 parents (C3) 9 + 3K^C3 
Among cycles (C) 3 + 3K^C 
CO vs. CI, C2, C3 (Cp) 1 Og + 3K^Cp 
Cycle linear (C&) 1 + 3K^C5. 
e 
Cycle quadratic (Cq) 1 02 + SK^Cq 
e 
Pooled error 84 (86) 
^Numbers in parentheses are for the late set. 
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Table 3. Form of the combined analysis of variance for data from 43 
entries of the early and midseason sets and 44 entries of the 
late set in Experiment I at six environments 
Source of variation df Expected 
mean squares 
Environments (E) 
Replications/E 
Entries (G) 
Among CO parents (CO) 
Among CI parents (CI) 
Among C2 parents (C2) 
Among C3 parents (C3) 
Among cycles (C) 
CO vs. CI, C2, C3 (Cp) 
Cycle linear (C&) 
Cycle quadratic (Cq) 
G X E 
CO X E 
CI X E 
C2 X E 
C3 X E 
C X E 
Pooled error 
5 
12 
42 (43)* 
12 (13) 
9 
9 
9 
3 
1 
1 
1 
210 (215) 
60 (65) 
45 
45 
45 
15 
504 (516) 
°e(a) 
° e l * * i s k ' c o  
"62 " '"cie * 
"es + 5°c2e * 
"64 + 3°c3e * 
"is *3°ce+ 
"as * SCCE * isk'cp 
"es * '"a * 
"es * * isk'cq 
"etb) * ^"ge 
°el * ^ "coe 
°e2 * ^ "cie 
"as * 3°c2e 
°e4 * '°C3E 
"as * 3°ce 
'e(b) 
Numbers in parentheses are for the late set. 
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maturity sets were tested using the least squares method (Eberhart, 1964). 
Comparisons among means were based on Duncan's multiple range test. 
The analysis of data of Exp. II was done in similar manner to that 
in the Exp. I. Analyses were performed for data at individual environ­
ments and combined over the eight environments. 
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results 
Combined analyses of variance across six environments for the data 
of Exp. I indicated significant (P<0.05 or P<0.01) mean squares for 
environments, entries, and entries within cycles for all characters in 
all three maturity sets (Tables 4, 5, and 6). Among cycle mean squares 
for yield were significant for the early and late sets, but not for 
the midseason set. The among cycle mean square was partitioned into 
three single degree of freedom contrasts: mean of CO parents vs. mean 
of CI, C2, and C3 parents, cycle linear, and cycle quadratic. Mean of 
CO parents was significantly different from the mean of CI, C2, and C3 
parents in the early and late sets, but not in midseason set. The linear 
effect of cycles was significant in the early and late sets, and the 
quadratic effect was significant in the late set. Significance of 
the cycle quadratic was mainly attributed to the significantly lower 
yield of C2 parents than CO, CI, and C3 parents (Table 17). 
The mean squares for entry x environment or cycle x environment 
were all significant, except for the CI x environment and the among 
cycles X environment in the late set. The mean squares for genotype x 
environment interaction, however, were relatively small compared with 
their main effects. 
Differences among environments were large and significant in all 
three maturity sets. Variation in soil fertility and climatic factors 
was responsible for the large mean squares for the main effect of en­
vironment. Ames was the most productive site in both 1979 and 1980, 
Table 4. Combined analysis of variance for seven traits from lines in the early maturing set of 
Experiment I at six environments 
Source of Mean squares ouux uc ux 
variation df Yield* Maturity Lodging Height Seed 
size Protein Oil 
Environments [E) 5 27074.5** 342.4** 
(3)b 
53.6** 8587.7** 105.5** 93.2** 24.2** 
Rep/E 12 462.6 1.9 1.9 128.9 1.3 
(8) (6) 
Entries (G) 42 1121.4** 258.7** 8.4** 2751.4** 22.5** 7.3** 1.9** 
CO parents (CO) 12 1347.3** 302.3** 5.7** 1968.8** 14.3** 5.5** 1.8** 
CI parents (CI) 9 585.6** 89.6** 3.9** 1923.4** 7.2** 8.1** 2.0** 
C2 parents (C2) 9 854.2** 100.5** 12.4** 1686.1** 34.4** 6.3** 1.8** 
C3 parents (C3) 9 354.9** 157.6** 9.4** 3120.9** 32.5** 5.3** 0.6** 
Among cycles 3 4925.9** 1369.0** 17.8** 10452.3** 35.3** 17.9** 6.4** 
CO vs. CI, C2, C3 1 10507.1** 4178.6** 0.04 25667.0** 36.3** 51.8** 17.3** 
Cycle linear 1 4357.6** 31.5 40.2** 1899.2** 24.4** 0.2 0.01 
Cycle quadratic 1 227.8 0.7 13.1** 4683.2** 44.2** 4.1 2.0* 
G X E 210 91.0** 4.3** 
(126) 
0.6** 97.4** 1.2** 0.6 0.2 
CO X E 60 112.1** 5.8** 0.5** 111.1** 1.1** 0.7 0.3 
CI X E 45 55.6* 3.9** 0.6** 97.0** 0.6* 0.6 0.1 
C2 X E 45 86.7** 3.2** 0.5** 84.9** 1.7** 0.4 0.1 
C3 X E 45 60.1** 3.6** 0.5** 45.5 1.4** 0.6 0.2 
Among cycles x E 15 217.3** 2.9** 2.02** 237.0** 1.2** 1.3 0.5 
Pooled error 504 39.2 1.5 
(336) 
0.3 53.6 0.4 
(252) 
Mean 3047 42.1 2.5 101 16.6 42.7 19.4 
CV (%) 6.5 2.9 20.0 7.2 3.8 1.8 2.4 
^Mean squares were multiplied by 10"^. 
^Numbers in parentheses indicate degrees of freedom for the trait when different from that 
presented in the left column. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 5. Combined analysis of variance for five traits from lines in the midseason maturing 
set of Experiment I at six environments 
Source of Mean squares df 
variation Yield Maturity Lodging Height Seed size 
Environments (E) 5 21578,3** 843.8** 
(3)b 
85.9** 9110.5** 63.1** 
Rep/E 12 204.7 2.9 
(8) 
0.8 104.7 2.3 
(6) 
Entries (G) 42 565.1** 190.5** 6.0** 2062** 33.8** 
CO parents (CO) 12 570.8** 303.7** 2.6** 2273** 41.6** 
CI parents (CI) 9 827.9** 138.6** 10.6** 2392** 24.8** 
C2 parents (C2) 9 462.8** 89.5** 7.9** 1870.9** 23.4** 
C3 parents (C3) 9 551.4** 85.6** 5.1** 1321.7** 9.3** 
Among cycles 3 101.9 511.4** 2.8** 3017** 23.2** 
CO vs. CI, C2, C3 1 30.5 1227.0** 8.3** 7290** 45.5** 
Cycle linear 1 235.5 312.8** 0.02 1013** 22.8** 
Cycle quadratic 1 30.7 42.1* 0.2 1320** 0.02 
G X E 210 65.5** 7.2** 
(126) 
0.6** 57.0* 0.8** 
CO X E 60 59.1** 9.1** 0.3* 49.9 1.0** 
CI X E 45 59.9** 6.5** 0.7** 69.9** 0.8** 
C2 X E 45 72.8** 4.5** 0.8** 54.8 0.7** 
C3 X E 45 57.7** 5.5** 0.6** 55.6 0.6** 
Among cycles x E 15 110.7** 8.5** 0.6** 59.8* 0.9** 
Pooled error 504 28.9 1.8 
(336) 
0.2 47.4 0.3 
(252) 
Mean 3280 48 2.6 103.6 17.6 
CV (%) 5.2 2.8 15.8 6.7 3.1 
^Mean squares were multiplied by 10" . 
Numbers in parentheses indicate degrees of freedom for the trait when different from 
that presented in the left column. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 6. Combined analysis of variance for five traits from lines in the late maturing set 
of Experiment I at six environments 
Source of _ Mean squares 
variation df Yield^ Maturity Lodging Height Seed size 
Environments (E) 5 11542.8** 1239.2** 59.7** 7840** 73.9** 
(3)b 
Rep/E 12 208.9 17.8 1.4 210 1.2 
(8) (6) 
Entries (G) 43 1169.0** 86.3** 6.4** 2122** 22.1** 
CO parents (CO) 13 1133.9** 83.7** 1.8** 2394** 16.7** 
CI parents (CI) 9 882.2** 13.4* 6.6** 1946** 26.8** 
C2 parents (C2) 9 1598.9** 131.1** 8.3** 1649** 26.4** 
C3 parents (C3) 9 1215.1** 92.8** 7.1** 1803** 15.5** 
Among cycles 3 753.9** 161.8** 27.6** 3846** 38.7** 
CO vs. CI, C2, C3 1 290.5* 302.7** 32.5** 2243** 126.9** 
Cycle linear 1 312.3* 35.3** 2.9 1724** 10.9** 
Cycle quadratic 1 1626.4** 153.1** 21.3** 7353** 23.0** 
G X E 215 85.3** 4.7** 0.8** 66** 1.1** 
(129) 
CO X E 65 128.9** 4.6** 0.8** 65** 1.1** 
CI X E 45 42.5 5.4** 0.9** 62* 0.9** 
C2 X E 45 58.9* 5.6** 0.8** 63* 1.5** 
C3 X E 45 84.3** 4.1** 0.6** 73** 1.0** 
Among cycles xE 15 51.9 0.8 1.1** 84** 1.2** 
Pooled error 516 36.8 1.0 0.2 40 0.3 
(344) (258) 
Mean 3215 56.8 2.7 113 17.4 
CV c%) 5.9 1.8 15.2 5.6 3.3 
^Mean squares were multiplied by 10-3. 
^Numbers in parentheses indicate degrees of freedom for the trait when different from 
that presented in the left column. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
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while Corwith was the least productive. The climate was not favorable 
for optimal yield in Knierim and Corwith during 1979 due to excessive 
rainfall during vegetative growth. Lower productivity in Stuart in 
1979 was due to drought during the flowering to pod filling stages. 
Inadequate rainfall at Ames and MarshalItown during 1980 was responsible 
for the lower yields at both locations compared with the yields in 1979. 
The experiments were kept weed free and no significant pests or diseases 
were observed at any environment. 
There were significant differences among cycles and between the mean 
of CO vs. CI, C2, and C3 parents for maturity, lodging, plant height and 
seed size in the early, midseason, and late sets, and for protein and 
oil percentage in the early set. The linear effect of cycles was sig­
nificant for plant height and seed size in all three sets, for lodging 
in early set, and for maturity in the midseason and late sets. The ef­
fect of cycle quadratic was indicated for plant height in the early, 
midseason, and late sets, for lodging and seed size in the early and 
late sets, for maturity in the midseason and late sets, and for oil per­
centage in the early set. The entry x environment mean squares were 
significant for maturity, lodging, height, and seed size in the early, 
midseason, and late sets. 
The coefficients of variation for each trait in the three sets of 
maturity were generally low, except for the lodging data, which ranged 
from 15 to 20%. 
Combined analyses of variance over six environments for the com­
posites of parents and composites of unselected lines in Exp. I 
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indicated significant differences among entries for yield, lodging, and 
seed size in the early, midseason, and late sets, and significant dif­
ferences for maturity and plant height in the late set (Tables 7, 8, 
and 9). Mean squares for the composites of parents were significant 
for yield in the three maturity sets, for seed size in the early and 
midseason sets, and for lodging in the early and late sets. Mean 
squares for the composites of unselected lines were significant for 
yield in the late set, for maturity in midseason and late sets, for 
lodging and plant height in the late set, and for seed size in the 
early set. Mean squares for the composites of parents vs. composites 
of unselected lines for yield were significant in the midseason and 
late sets, but not in the early set. 
The linear effect of cycles was significant for yield in the three 
maturity sets when evaluated using the composites of parents. No sig­
nificant quadratic effects were observed in the three maturity sets. 
Evaluation using composites of unselected lines showed a significant 
linear effect among cycles for yield in the late set, but not in the 
early and midseason sets. Some significant effects of cycle linear and 
cycle quadratic were observed for maturity, lodging, height, and seed 
size, but the effects were not consistent across maturity sets. 
For the protein and oil data in the early set, only the mean square 
for environment was significant (Table 7). 
The analysis of variance for yield in Exp. II combined over eight 
environments showed significant differences among entries, environments. 
Table 7. Combined analysis of variance for seven traits of the composites in the early maturing set 
of Experiment I at six environments 
Source of Mean squares 
variation 
Yield* Matur­ity 
Lodg­
ing Height 
Seed 
size Protein Oil 
Environments [E) 5 3186.4** 53.6** 7.7** 1487.6** 15.7** 10.2** 2,3** 
(3)b 
Rep/E 12 106.5 1.5 0.4 51.3 0.4 
(8) (6) 
Entries (G) 5 106.3** 5.3 0.6* 41.5 1.8** 0.2 0.1 
Among composite parents (CP) 2 226.3** 3.8 0.8* 88.2 2.9** 0.1 0.02 
CP - linear 1 430.7** 5.0 1.3* 132.3 2.3* 0.2 0.2 
CP - quadratic 1 21.9 1.7 0.3 44.1 3.5** 0.2 0.03 
Among composite lines (CL) 2 39.3 9.1 0.7 6.2 1.6* 0.2 0.1 
CL - linear 1 36.8 12.0 0.8 11.1 0.9 0.02 0.04 
CL - quadratic 1 41.9 6.1 0.4 1.3 2.1* 0.3 0 
CP vs. CL 1 1.2 1.4 0 19 0 0.3 0.01 
G x E 25 27.0 2.4 0.3 66.7 0.4 0.8 0.1 
(15) 
CP X E 10 16.6 1.4 0.2 43.0 0.3 0.7 0.1 
(6) 
CL X E 10 30.8 3.7 0.3 69.6 0.3 0.7 0.1 
(6) 
(CP vs. CL) X E 5 40.4 1.0 0.7 108 0.5 2.2 0.1 
Pooled error 60 39.0 1.9 0.2 79.1 0.4 
(40) (30) 
Mean 3128 44.7 2.6 108.6 16.9 42.3 19.3 
CV (%) 6.3 3.1 17.0 8.2 3.7 2.0 1.1 
^ean squares were multiplied by 10-3. 
^Numbers in parentheses indicate degrees of freedom for the trait when different from that pre­
sented in the left column. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 8. Combined analysis of variance for five traits of the composites in the midseason 
maturing set of Experiment I at six environments 
Mean squares 
Source of variation df 
Yield* Maturity Lodging Height Seed size 
Environment (E) 5 3151.0** 149.1** 11.3** 1617.0** 9.3** 
(3)b 
Rep/E 12 39.4 4.2 
(8) 
0.3 84.5 0.4 
(6) 
Entries (G) 5 69.9* 34.0** 0.5* 90.9 1.6** 
Among composite parents (CP) 2 95.4* 18.4 0.1 41.8 3.5** 
CP - linear 1 176.9** 35.0* 0.1 0.1 6.6** 
CP - quadratic 1 13.9 1.7 0.1 83.6 0.5 
Among composite lines (CL) 2 28.1 22.3* 0.1 4.0 0.1 
CL - linear 1 38.8 42.7** 0.3 0.3 0.2 
CL - quadratic 1 17.5 2.0 0 7.8 0.1 
CP vs. CL 1 102.6* 88.0** 2.0* 363.0 0.6 
G X E 25 26.0 4.4 
(15) 
0.2 44.7 0.4 
CP X E 10 16.8 6.4 
(6) 
0.2 24.6 0.2 
CL X E 10 42.5 3.3 
(6) 
0.2 50.4 0.7 
(CP vs. CL) X E 5 11.7 1.4 0.3 73.4 2.1 
Pooled error 60 31.9 3.0 
(40) 
0.2 74.2 0.2 
(30) 
Mean 3302 50.0 2.6 113.1 17.8 
CV (%) 5.4 3.5 16.5 7.6 2.6 
^Mean squares were multiplied by 10 
^Numbers in parentheses indicate degrees of freedom for the trait when different from that 
presented in the left column. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 9. Combined analysis of variance for five traits of the composites in the late maturing 
set of Experiment I at six environments 
Mean squares 
Source of variation df 
Yield* Maturity Lodging Height Seed size 
Environments (E) 5 1838.6** 152.4** 
C3)b 
7.6** 1098.4** 16.7** 
Rep/E 12 71.4 3.7 
(8) 
0.4 136.5 0.5 
(6) 
Entries (G) 5 222.2** 9.5** 2.1** 456.4** 1.0* 
Among composite parents (CP) 2 191.4* 13.6 3.1** 268.5 0.7 
CP - linear 1 240.6* 2.7 0 4.0 0.2 
CP - quadratic 1 142.3 24.5* 6.2** 533.0* 1.2 
Among composite lines (CL) 2 194.6* 8.4* 2.2** 245.1* 0.3 
CL - linear 1 201.4* 6.0* 2.3** 354.7* 0.6 
CL - quadratic 1 107.7 10.9* 1.9* 135.6 0.1 
CP vs. CL 1 339.2* 3.5 0.1 1255.0** 2.8* 
G X E 25 31.3 2.2 
(15) 
0.4 61.6 0.3 
CP X E 10 28.9 3.6 
(6) 
0.4 72.5 0.3 
CL X E 10 34.6 1.4 
(6) 
0.2 50.9 0.2 
(CP vs. CL) X E 5 29.4 0.8 0.7* 61.0 0.3 
Pooled error 60 33.0 1.9 
(40) 
0.2 93.7 0.2 
(30) 
Mean 3157 56.4 2.9 117 17.2 
CV (%) 5.8 2.4 15.0 8.3 2.4 
^ean squares were multiplied by 10"^. 
^Numbers in parentheses indicate degrees of freedom for the trait when different from that 
presented in the left column. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
49 
and the entry x environment interaction (Table 10). The large mean 
square for entries was mostly accounted for by the yield differences 
between the composites and the three check cultivars. Mean squares 
for among cycles evaluated by the composites of parents or the com­
posites of 300 unselected lines were not significant. The overall 
mean yield of entries in Exp. II for each environment was generally 
high, over 30 q/ha, except at Stuart in 1979, 
There were significant yield differences among line within cycles 
for the CI, C2, and C3 parents in all maturity sets (Tables 11, 12, 
and 13). In the early set, yields of CI parents ranged from 2805 to 
3311 kg/ha, C2 parents ranged from 2678 to 3325 kg/ha, and C3 parents 
ranged from 2963 to 3437 kg/ha (Table 11). In the midseason set, 
yields of CI parents ranged from 2971 to 3653 kg/ha, C2 parents 
ranged from 3081 to 3514 kg/ha, and C3 parents ranged from 3009 to 
3504 kg/ha (Table 12). The yields of CI parents of the late set 
ranged from 2879 to 3605 kg/ha, C2 parents ranged from 2786 to 3636 
kg/ha, and C3 parents ranged from 2828 to 3607 kg/ha (Table 13). 
The maturity of lines within cycles also varied considerably, 
but cycle means within a set were quite similar. The maturity mean 
for the early set was 44 days, midseason set was 50 days, and late 
set was 56 days (Tables 11, 12, and 13). There were significant dif­
ferences in lodging, plant height, seed size, percent protein, and 
percent oil among lines within cycles for the early, midseason, and 
late sets (Tables 11, 12, and 13). The differences were anticipated 
because the lines were not deliberately selected for those traits. 
Table 10. Analyses of variance for yield of entries in Experiment II for individual environments 
and combined across eight environments 
Mean squares^ 
Source of 1979 1980 Corn-
variation Ames Marshall 5^uart Ottumwa Ames Marshall g^ua^t Ottumwa 
town town 
Rep 3 83.3 9. 0 112. 5* 116.9* 98. 6 23.6 5.6 48, 8 
Entries (G) 9 125.9** 114. 2** 162. j** 76.8 149. 1** 68.5** 146.6** 214. ,4 
Error 27 30.2 35. 1 14. 2 39.0 36. 7 15.0 31.6 18. ,4 
Mean 3626 3749 2763 3323 3698 3175 3524 3198 
CV (%) 4.8 4. 9 4. 3 5.9 5. 2 3.9 5.0 4, ,2 
4439.2** 
62.3 
782.5** 
39.3* 
27.5 
3382 
4.9 
^Mean squares were multiplied by 10 
*,**Signi£icant at the 0.05 and 0.01 probability levels, respectively. 
Environments (EJ 7 
Rep/E 24 
G 9 
G X E 63 
Error 216 
Mean 
CV f%l 
Table 11. Mean performance of the 10 parents of cycles 1, 2, and 3 in the early maturing set of 
Experiment I averaged across six environments 
Cycle 1 Cycle 2 Cycle 5 
Line Yield 
Ms.— 
tur-
ity^ 
Lodg-
img& 
Pro­
tein Oil Yield 
Lodg­
ing 
Pro­
tein Oil 
Ma-
Yield tur-
ity 
Lodg­
ing 
Pro­
tein Oil 
kg/ha days score % % kg/ha days score % % kg/ha days score % % 
1 3311a^ 47a 3.la 42.5b 19.0bc 3325a 42d 2.If 43.1c 19.8a 3437à 4 2d 1.4d 41.5f 19.6ab 
2 3259a 44c 1.7d 41.3c 20.0a 3298a 42d 1.6g 42.7cd 19.2b 3405a 49a 2.7b 44.lab 19.0bcd 
3 3126b 47 a 3.2a 44.2a 18.7cd 3239a 49 a 4.0a 45. 6a 18.4c 3360a 43 c 2.1c 44.7a 18.9d 
4 3120b 46b 2.7b 43.5a 19.2b 3238a 43c 2.2f 42.Id 18.9b 3331ab 42d 1.3d 43.Ibcd 19.2abc 
5 3085b 43d 2.3c 42.2b 20.0a 3217a 40e 2.9d 42.8cd 20.0a 3221bc 47b 2.9b 42.8cde 18.9cd 
6 2996b 46b 3.3a 44.0a 19.1bc 3171a 43c 1.6g 42.5cd 20.0a 3210bc 44c 2.0c 42.6cde 19.5abc 
7 2859c 47a 2.8b 43.5a 19.4b 2970b 45b 2.6e 44.3b 18.4c 3207bc 42d 1.3d 42.0ef 19.8a 
8 2858c 41ef 2.6bc 44.2a 18.5d 2932b 45b 3. led 43.4c 18.9bc 3188c 40e 2.3c 42.4def 19.5abc 
9 2854c 42de 2.6bc 41.0c 19.8a 2859b 42d 3.4bc 43.2c 18.8bc 3151c 38f 1.2d 43.4bc 19.5abc 
10 2805c 40f 2.8b 42.5b 20.0a 2678c 49a 3. 6b 42.8cd 19.2b 2963d 49a 3.2a 42.7cde 19.5abc 
Mean 3027 44 2.7 42.9 19.3 3093 44 2.7 43.2 19.1 3247 44 2.0 42.9 19.3 
S.D.^ 193 1.5 0.5 0.7 0.4 222 1.2 0.4 0.7 0.4 182 1.1 0.5 0.8 0.5 
CV (%) 6.4 3.3 17.8 1.7 1.8 7.2 2.8 16.1 1.5 2.0 5.6 2.5 22.8 1.8 2.4 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate). 
^Days after July 31 when 95 to 100% of the pods are mature. 
''Means in the same column with the same letter are not significantly different (P>0.05) based 
on Duncan's multiple range test. 
dg.D. = Standard deviation of mean. 
Table 12. Mean performance of the 10 parents of cycles 1, 2 ,  and 3 in the midseason maturing set 
of Experiment I averaged across six environments 
Cycle 1 Cycle 2 Cycle 3 
Line Yield ïur- ^ ••"'1-Yield Lodg-Plant Seed y^^ld Plant Seed 
ing height" size ing height size ing height size 
kg/ha days score cm feg^s kg/ha days score cm ggg^g kg/ha days score cm 
1 3653dd51b 1.9gh 91ef 18. 9b 3514a 54a 3. 3b 120ab 18. lb 3504a 49b 2 .6bcde 97cd 21 .3a 
2 3561ab 47d 2.3ef 89f 18. led 3509a 46g 2. 3d llOd 19. 2a 3433ab 51a 2. 8bc 104b 15, .9e 
3 3486b 46e 1.7h 94e 18. 3b cd 3469a 54a 4. la 123a 16. 9c 3392ab 48b 2, .5cde 93d 17 . Ocd 
4 3336c 46e 2.7d 114bc 18. 6bc 3300b 52b 2. 8c lOOe 17. Ic 3372bc 45d 2 . 4de 118a 16 .9cd 
5 3309c 54a 2.5de 106d 16. 2e 3266bc 49cd 2. 7c 114cd 19. 6a 3265cd 51a 2 .6bcd 116a 16 .Oe 
6 3197d 54a 3.0c 123a 18. 5bc 3230bc 48de 2. Oe 97e 18. 2b 3192de 45d 2 . 7bcd 103b 18 .3b 
7 3164d 49c 2.8cd llOcd 19. 7a 3221bcd 50c 2. 8c lOOe 15. 7d 3149de 45d 2 .9b 95d 16 .7d 
8 3148d 48cd 2.2fg 107d 15. If 3174cde 49cd 2. 3d 118bc 15. 2d 3117ef 47c 2 .Of 96d 17 .3c 
9 3141d 55a 4.2a 118b 17. 7d 3104de 48de 1. 8e 97e 17. Oc 3019f 51a 4 .Oa 105b 13 .7f 
10 2971e 51b 3.6b llOcd 16. 3e 3081e 47f 2. 3d lOOe 17. Ic 3009f 46cd 2 .3e lOlbc 18 .2b 
Mean 3297 50 2.7 106 17. J 3287 50 2. 6 108 17. A 3245 48 2 .7 103 17 .1 
S.D.® 159 1.4 0.4 6 0. ,6 171 1.2 0. 4 7 0. ,5 174 1.4 0 .5 7 0 . 6 
CV (%) 4.8 2.8 16.3 6.0 3, ,1 5.2 2.4 13, .7 6.7 2. ,9 5.4 3.0 17 .3 7.1 3 .2 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate). 
^Distance from the soil surface to the terminal node at maturity. 
CQays after July 31 when 95 to 100% of the pods are mature. 
^Means in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
®S.D. = Standard deviation of mean. 
Table 13. Mean performance of the 10 parents of cycles 1, 2, and 3 in the late maturing set of 
Experiment I averaged across six environments 
Cycle 1 Cycle 2 Cycle 3 
kg/ha days score cm feeds kg/ha days score cm |gg^g kg/ha days score cm 
1 3605a^ 56a 3.7a 125a 16. 5cde 3636a 57cd 3. Ic 112d 19. la 3607a 59a 3. Ob 107c 17, .6b 
2 3514a 54c 2.4cd 113c 17. 6b 3463b 58c 3. 7b 127a 17. 8b 3530ab 59a 3. Ob 116ab 17 .7b 
3 3343b 55b 2.7c 120b 19. 8a 3341bc 57cd 2. 7de llScd 16. 7b c 3504ab 55d 3. 6a 113b 17 .4b 
4 3314b 56a 2.2d 106d 16. 6cde 3304c 50f 3. Ic llld 17. 3b 3445bc 58b 1. 6e 95d 18 .9a 
5 3270bc 56a 2.5c 97e 19. 3a 3295c 55e 2. 4e 116cd 15. Id 3428bc 54e 2. 6d 99d 15 .9c 
6 3215bcd 55b 3.0b 107d 15. 8e 3058d 57cd 2. Of 95e 13. 9e 3346cd 57c 2. 7cd 118a 16 . Ic 
7 3142cde 56a 3.1b 107d 19. 5a 2977de 60b 3. 9b 120bc 17. 4b 3231d 53f 1. 5e 87e 15 .8c 
8 3080de 56a 1.7e 95e 17. 2b c 2865ef 55e 2. 9cd 127a 17. 8b 3045e 58b 2. 5d 107c 17 .4b 
9 3017e 53c 2.6c 120b 16. 7cd 2787f 61b 2. 8cd 121b 16. led 3005e 57c 2. 7cd 109c 17 .8b 
10 2879f 57a 3.5a 12 lab 16. Ode 2786f 62a 4. 2a 122b 17. Ibc 2828f 51g 2. 6d 115ab 15 .3c 
Mean 3238 56 2.7 111 17. 5 3151 57 3. ,1 116 16. 8 3297 56 2. 6 107 17 .0 
S.D.® 196 1.0 0.4 6.0 0, ,6 189 1.0 0. ,4 7.0 0. ,7 193 1.0 0. ,4 6.0 0 .5 
CV (%) 6 1.7 13.5 5.6 3, ,2 6.0 1.8 14. 0 6.2 4. ,1 5.9 1.8 16 .3 5.9 2 .8 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate). 
^Distance from the soil surface to the terminal node at maturity. 
'-Days after July 31 when 95 to 100% of the pods are mature. 
(^Means in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
®S.D. = Standard deviation of mean. 
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Correlation analyses were performed for the data in each maturity 
set (Table 14). Yield was significantly correlated with maturity in 
the early (r = 0.3) and midseason (r = 0.5) sets, but not in the late 
(r = 0.04) set. Yield was also significantly correlated with lodging 
in the early (r = -0.5) and midseason (r = 0.2) sets, and not signif­
icant in the late (r = 0.05) set. In the midseason set, yield was 
significantly correlated with plant height (r = 0.4), while in the 
early set yield was significantly correlated with seed size (r = 0.6). 
A significant correlation between yield and percent protein was found 
in early set (r = 0.4). Yield in the late set was not correlated to 
any of the four traits measured. Positive and significant correla­
tions were indicated between maturity and lodging, maturity and plant 
height, and between lodging and plant height, in all three maturity 
sets. Percent protein was correlated with maturity, plant height, 
and seed size, while percent oil was negatively correlated with matur­
ity, lodging, plant height, and percent protein. There were tendencies 
for negative correlations between seed size and maturity, seed size 
and lodging, and between seed size and plant height. Positive corre­
lations were indicated between seed size and percent protein, seed 
size and percent oil, but the correlation coefficients were small 
(r = 0.2). A strong negative correlation (r = -0.6) was indicated 
between percent protein and percent oil. 
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Table 14. Phenotypic correlation among traits for lines in each 
maturity set 
Trait Set Matur­ity 
Lodg­
ing 
Plant 
height 
Seed 
size 
Percent 
protein 
Percent 
oil 
Yield Early 
Midseason 
Late 
0.3** 
0.5** 
0.04 
-0.5** 
0.2** 
0.05 
-0.05 
0.4** 
0.06 
0.6** 
0.1 
0.2 
0.4** 0.04 
Maturity Early 
Midseason 
Late 
0.4** 
0.5** 
0.4** 
0.7** 
0.6** 
0.5** 
-0.1 
-0.2* 
-0.06 
0.5** -0.5** 
Lodging Early 
Midseason 
Late 
0.6** 
0.6** 
0.6** 
-0.5** 
-0.04 
-0.2* 
0.003 -0.3** 
Plant height Early 
Midseason 
Late 
-0.4** 
-0.1 
0.01 
0.3** -0.4** 
Seed size Early 0.2* 0.2* 
Percent 
protein Early -0.6** 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Response to Selection Evaluated by the Mean 
Performance of the Parents 
Yield response to the three cycles of selection was positive and 
significant in the early and late sets, but not in the midseason set 
(Tables 15, 16, and 17). 
In the early set, yield of C3 parents was 374 kg/ha (13%) greater 
than CO parents, 220 kg/ha (7%) greater than CI parents, and was 154 
kg/ha (5%) more than C2 parents (Table 15). Greater yield of the C3 
parents over the C2, CI, and CO parents also was observed at individual 
environments. At five out of six environments, mean yields of C3 par­
ents were significantly greater than mean yields of CO or CI parents, 
and at two out of six environments greater than the C2 parents. The 
yield distribution of the ten parents of CI, C2, and C3 indicated that 
the C3 parents had more high yielding lines than CI or C2 (Figure 2). 
The regression of yield on cycle number for the early set indi­
cated a positive and significant regression coefficient (b = 120 ± 
10 kg/ha) (Table 15). When the regression line was fitted from CI to 
C3, the slope also was significant (b = 110 ± 14 kg/ha) (Table 34). 
No response to the selection was indicated in the midseason set 
(Table 16 and Figure 3). There was no significant difference among 
yields of CO, CI, C2 and C3 parents. A negative trend was indicated 
from the CO to C3 cycles, but the decrease was small and not signifi­
cantly different from zero. Regression of yield on cycle number also 
indicated a negative slope, but it was not significantly different from 
Table 15. Mean yield of the parents of cycles 0,1, 2, and 3 for the early maturing set of 
Experiment I at individual environments and averaged across six environments 
Cycle 
1979 1980 
Ames Knierim Corwith Ames Knierim Corwith 
Cycle 0 3353c* 2545c 2012c 
Kg/na 
3095b 3097c 3133ab 2873c 
Cycle 1 3519b 2642bc 2364b 3282a 3281b 3074b 3027b 
Cycle 2 3672ab 2695b 2389b 3276a 3381ab 3144ab 3093b 
Cycle 3 3807a 2890a 2634a 3393a 3528a 3242a 3247a 
b value^ 152**±26 108**±22 190**±24 90**±21 140**±23 37±23 120**±10 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the yield of the cycle on the cycle number. 
**Significant at the 0.01 probability level. 
Table 16. Mean yield of the parents of cycles 0, 1, 2, and 3 for the midseason maturing set 
of Experiment I at individual environments and averaged across six environments 
Cycle 
Ames 
1979 
Marshal1-
town 
Stuart Ames 
1980 
Marshall-
town 
Stuart 
Cycle 0 
Cycle 1 
Cycle 2 
Cycle 3 
V 
b value 
3740a* 
3849a 
3778a 
3772a 
-6±20 
3544a 
3562a 
3563a 
3498a 
-12±22 
2701a 
2604a 
2615a 
2575a 
-38±20 
- kg/ha 
3553a 
3420a 
3344a 
3388a 
5+21 
3101a 
2906a 
3006a 
2921a 
-48*±20 
3314b 
3439a 
3415ab 
3359ab 
15±18 
3292a 
3297a 
3287a 
3245a 
-14±8 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the yield of the cycle on the cycle number. 
*Significant at the 0.05 probability level. 
Table 17. Mean yield of the parents of cycles 0, 1, 2, and 3 for the late maturing set of 
Experiment I at individual environments and averaged across six environments 
Cycle 1979 1980 X 
Ames Stuart Ottumwa Ames Stuart Ottumwa 
Cycle 0 3285a* 2644b 3087a 3364a 3486ab 3247a 3185c 
Cycle 1 3412a 268lab 3110a 3493a 3547ab 3185a 3238b 
Cycle 2 3275a 2633b 3025a 3390a 3404b 3180a 3151c 
Cycle 3 3366a 2804a 3194a 3536a 3571a 3311a 3297a 
b value^ 19+28 49*±20 32+29 45+26 11+22 20+25 29*±14 
^Yields in the same column with the same letter are not significantly different 
(P>0.051 based on Duncan's multiple range test. 
"Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
*Significant at the 0.05 probability level. 
Figure 2. Frequency distributions of yields of the_10 parents of cycles 
1, 2, and 3 for the early maturing set (x = mean of the 10 
parents, which is indicated by an arrow in the distribution; 
SD = standard deviation) 
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Figure 3. Frequency distributions of yields of the 10 £arents of cycles 
1, 2, and 3 for the midseason maturing set (x = mean of the 
10 parents, which is indicated by an arrow in the distribu­
tion; SD = standard deviation) 
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zero. The lack of response to selection in the midseason set was con­
sistently indicated by the data from six individual environments. At 
individual environments, the yields of lines were generally high (over 
30 q/ha), except at Stuart in 1979. 
Yield response to the selection in the late set was positive and 
significant, but at a smaller rate than for the early set (Table 17 and 
Figure 4). Averaged over six environments, the yield of C3 parents 
was 112 kg/ha (3.5%) over that of the CO parents, 59 kg/ha (2%) greater 
than the CI parents, and 146 kg/ha (4.6%) greater than the C2 parents. 
There was a decrease in yield from CI to C2. The slope of regression 
for yield on cycle number was positive and significant (b = 24 ± 9 
kg/ha). No consistent yield response was indicated from data at 
individual environments. 
Response to Selection Evaluated by the Performance of 
the Highest Yielding Line from Each Cycle 
Yields of the ten parents of each cycle varied considerably (Tables 
11, 12, and 13). Therefore, comparisons among cycles based on mean of 
the ten parents might have been biased by the "averaging effect". To 
avoid the bias, response to selection was evaluated by comparing the 
highest yielding line or mean of the highest yielding lines from each 
cycle. 
No significant response to selection was indicated in the early and 
late sets when the highest yielding lines were compared, but a signifi­
cant negative response from CI to C3 was found in the midseason set 
(Table 18). 
Figure 4. Frequency distributions of yields of th£ 10 parents of cycles 
1, 2, and 3 for the late maturing set (x = mean of the 10 
parents, which is indicated by an arrow in the distribution; 
SD = standard deviation) 
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Table 18. Yield of the highest yielding line and mean yield of a group of highest yielding 
lines of the parents of cycles 0, 1, 2, and 3 for the early, midseason, and late 
maturing sets of Experiment I averaged across six environments 
Highest yielding line Mean of three top lines Mean of five top lines 
Cycle 
Early Mid-
season 
Late Early Mid-
season 
Late Early Mid-
season 
Late 
/ 
Cycle 0 3310a^ 3574ab 3492a 3253b 
Kg/na 
3524a 3466a 3159c 3475a 3439a 
Cycle 1 3311a 3652a 3605a 3231b 3566a 3487a 3180c 3469a 3409a 
Cycle 2 3325a 3514ab 3636a 3287b 3498ab 3480a 3263b 3412ab 3408a 
Cycle 3 3437a 3504b 3607a 3401a 3443b 3547a 3351a 3357b 3483a 
Check cultivar^ 3400a 3541ab 
fields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
bWeber for the early set and Sloan for the midseason set. 
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In the early set, yield of the best C3 parent was 127 kg/ha (3.8%) 
greater than the top CO parent, 126 kg/ha (3.8%) greater than the top 
CI parent, and 112 kg/ha (3.2%) greater than the top C2 parent. The 
top yielding C3 parent line was also 37 kg/ha more than the check 
cultivar Weber. In the midseason set, the top yielding CI parent line 
yielded 148 kg/ha (4%) more than the top yielding C3 parent, 138 kg/ha 
(4%) more than the top yielding C2 parent, and 78 kg/ha (2%) higher than 
the top yielding CO parent. The top yielding CI parent also yielded 
111 kg/ha (3%) more than the check cultivar Sloan. The difference be­
tween yield of the CI and C3 parents was significant. In the late 
set, the top yielding CI, C2, and C3 parent yielded similarly. When 
compared with the top yielding CO parent, the yield of the CI, C2, or 
C3 parents was 3 to 4% greater, but the difference was not significant. 
Comparison of the cycles using the mean of the three highest or 
the mean of the five highest yielding lines indicated significant dif­
ferences among cycles in the early and midseason sets, but not in the 
late set (Table 18). In both comparisons, the mean yields of the C3 
parents in the early set were significantly greater than those of the 
CO or CI parents, but in the midseason set the mean yields of the C3 
parents were significantly lower than those of the CO or CI parents. 
No yield difference was observed among cycles in the late set for the 
two comparisons. 
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Response to Selection Evaluated by the Composite 
of the Parents in Exp. I 
Response to selection when evaluated by the performance of the com­
posites of parents from each cycle showed a significant yield increase 
over cycles of selection in the early and late sets, but a significant 
yield decrease in the midseason set (Tables 19, 20, and 21). The yield 
increases from CI to C3 were 219 kg/ha (7.2%) in the early set and 163 
kg/ha (5.1%) in the late set. In the midseason set, the yield decrease 
from CI to C3 was 140 kg/ha (4%). The response to selection was gener­
ally consistent across environments for each set of maturity. Averaged 
over six environments, the coefficients of regression of yield on cycle 
number fitted from CI to C3 were 109 ±  22 kg/ha for the early, -70 ±  2 2  
kg/ha for the midseason, and 82 ± 28 kg/ha for the late maturity set 
(Tables 19, 20, and 21). The regression coefficients for the three ma­
turity sets were significantly different from zero. Data at individual 
environments indicated positive and significant b-values at five out of 
six environments in the early set, negative and significant b-values at 
two out of six environments in the midseason set, and positive and sig­
nificant b-values at two out of six environments in the late set. 
Evaluation of selection using composites of the parents generally 
gave the same response as that obtained from testing the individual 
parents (Tables 15, 16, and 17). Using both methods of evaluation, the 
response to selection was positive and significant in the early and late 
sets, and negative in the midseason set. Response was not significant 
in the midseason, however, when evaluated using the mean of the 
Table 19. Yield of the composites of parents of cycles 1, 2, and 3 for the early maturing set 
of Experiment I at individual environments and averaged across six environments 
Cycle 
Ames 
1979 
Knierim Corwith Ames 
1980 
Knierim Corwith 
Cycle 1 
Cycle 2 
Cycle 3 
b value^ 
3495a 
3506a 
3766a 
135**±38 
2703b 
2759ab 
2944a 
120**±34 
2408a 
2474a 
2632a 
112**±42 
kg/ha 
3184a 
3258a 
3429a 
122**±38 
3167a 
3329a 
3533a 
182**±38 
3252a 
3281a 
3218a 
-17±38 
3035b 
3101b 
3254a 
109**±22 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
**Significant at 0.01 probability level. 
Table 20. Yield of the composites of parents of cycles 1, 2, and 3 for the midseason maturing 
set of Experiment I at individual environments and averaged across six environments 
Cycle 
Ames 
1979 
Marshal1-
town 
Stuart Ames 
1980 
Marshall-
town 
Stuart 
Cycle 1 
Cycle 2 
Cycle 3 
b value^ 
3929a* 
3796a 
3661a 
-134**±41 
3757a 
3605a 
3685a 
-36±41 
2825a 
2684ab 
2493b 
-166**±41 
kg/ha -
3473a 
3305a 
3390a 
-42±41 
3037a 
3021a 
2972a 
-32+41 
3466a 
3450a 
3445a 
-10±41 
3414a 
3310b 
3274b 
-70**±22 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
**Significant at the 0.01 probability level. 
Table 21, Yield of the composites of parents of cycles 1, 2 ,  and 3 for the late maturing set 
of Experiment I at individual environments and averaged across six environments 
1979 1980 
Ames Stuart Ottumwa Ames Stuart Ottumwa 
kg/ha 
Cycle 1 3264ab* 2547b 2990b 3427a 3631a 3148a 3168b 
Cycle 2 3009b 2646b 3090ab 3322a 3574a 3203a 3141b 
Cycle 3 3463a 2853a 3280a 3455a 3610a 3326a 3331a 
b value^ 100+75 153**±41 145**±44 14+81 -10±52 89±63 82*±28 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
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individual parents, but was significant when evaluated using the 
parental composite (Tables 16 and 20). 
Response to Selection Evaluated by Performance of the 
Composite of 100 Unselected Lines from Each Cycle 
No response to selection was indicated in the early and midseason 
sets when selection was evaluated using composites of 100 unselected 
lines from each cycle (Tables 22 and 23). In the late set, the average 
response was positive and significant. Mean yield of C2 lines in the 
late set was 149 kg/ha (5%) greater than that of CO lines (Table 24). 
Data at individual environments showed inconsistent response to the 
selection. No significant yield differences were indicated among 
cycles at individual environments, except at Ottumwa 1980 in the late 
set. 
Regression of mean yield of the cycle on the cycle number was 
not significantly different from zero for the early and midseason 
sets, but was significant for the late set (Tables 22, 23, and 24). 
Regressions for data at individual environments indicated at one en­
vironment that the b-value was positive and significant in the early 
and late sets, but no b-values were significant in the midseason set. 
Some negative trends were indicated in the early and midseason sets, 
but none were significantly different from zero. 
Response to Selection Evaluated by the Composites in Exp. II 
Yield improvement was not detected when selection was evaluated us­
ing composites of the parents of the CO, CI, C2, and C3 (Table 25). 
Table 22. Yield of the composites of 100 lines of cycles 0, 1, and 2 for the early maturing set 
of Experiment I at individual environments and averaged across six environments 
Cycle 1979 
Ames Knierim Corwith 
1980 
Ames Knierim Corwith 
kg/ha 
Cycle 0 3680a* 2788a 2380a 3475a 3310a 3056a 3115a 
Cycle 1 3577a 2645a 2463a 3443a 3133a 3264a 3088a 
Cycle 2 3636a 2890a 2436a 3420a 3257a 3434a 3179a 
b value^ -22+62 51±62 28+62 -27±62 -26±62 188*+62 32+29 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
*Significant at the 0.05 probability level. 
Table 23. Yield of the composites of 100 lines of cycles 0, 1, and 2 for the midseason maturing 
set of Experiment I at individual environments and averaged across six environments 
Cycle 
Ames 
1979 
Marshal1-
town 
Stuart Ames 
1980 
Marshall-
town 
Stuart 
Cycle 0 
Cycle 1 
Cycle 2 
V 
b value 
3640a* 
3735a 
3705a 
32+59 
3495a 
3512a 
3663a 
79+84 
2584a 
2664a 
2510a 
-37+50 
kg/ha -
3437a 
3477a 
3273a 
-82±82 
2972a 
2829a 
3119a 
73±62 
3225a 
3564a 
3489a 
132±84 
3226a 
3297a 
3291a 
33±27 
fields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
Table 24. Yield of the composites of 100 lines of cycles 0, 1, and 2 for the late maturing set 
of Experiment I at individual environments and averaged across six environments 
Cycle 
Ames 
1979 
Stuart Ottumwa Ames 
1980 
Stuart Ottumwa 
Cycle 0 
Cycle 1 
Cycle 2 
b value^ 
3141a 
3394a 
3287a 
73±61 
2415a 
2506a 
2527a 
56+45 
2877a 
3205a 
2988a 
55±87 
kg/ha -
3114a 
3448a 
3191a 
38±110 
3373a 
3499a 
3445a 
36±58 
2987b 
3056b 
3366a 
189**±42 
2985b 
3185a 
3134a 
74*±31 
^Yields in the same column with the same letter are not significantly different based on 
Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
Table 25. Yield of the composites of parents of cycles 0, 1, 2, and 3 of Experiment II at 
individual environments and averaged across eight environments 
1979 1980 
Cycle 
Ames 
Marshall-
town 
Stuart Ottumwa Ames Marshall-
town 
Stuart Ottumwa 
Cycle 0 
Cycle 1 
Cycle 2 
Cycle 3 
b value^ 
3572a< 
3692a 
3590a 
3616a 
3665a 
3680a 
3599a 
3702a 
2747a 
2691b 
2657b 
2815a 
3359ab 
3202b 
3420a 
3263b 
kg/ha 
3699a 
3697a 
3342b 
3618a 
3107a 
3148a 
3236a 
3032a 
3538a 
3499a 
3520a 
3389a 
3284a 
3094b 
3083b 
3093b 
3372a 
3338a 
3306a 
3316a 
-11±81 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
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Averaged across eight environments, there were no significant differ­
ences among cycles. No significant differences in yields among cycles 
were indicated by the data for individual environments. The regression 
of the mean yield of the cycle on the cycle number was small (-11 ± 83 
kg/ha) and not significantly different from zero. 
No response was indicated when selection was evaluated by the com­
posite of 300 unselected lines from each cycle (Table 26). Averaged 
over eight environments, the yields of CO, CI and C2 were similar. 
Some significant differences in yield among cycles were observed from 
data at individual environments, but the response was not consistent. 
Regression of yield of the cycles on the cycle numbers averaged over 
eight environments was small (b = 7 ± 87 kg/ha) and not significantly 
different from zero. 
Compared to the performance of the check cultivars (Sloan, Oakland, 
and Cumberland), the performance of the composite entries was somewhat 
lower. But the average yields of the composites were comparable to 
those of individual line performance in Exp. I. This would indicate 
that the lack of response to the selection in Exp. II was not due to 
the environmental stress. 
Realized Genetic Gain from the Selection 
Ordinarily, genetic gain from selection would be calculated from the 
difference between mean performance of the target population (Cn) and 
mean of the base population (CO). In my experiment, however, the base 
population and the target population were each represented by one entry. 
Table 26. Yield of the composites of 300 lines of cycles 0, 1, and 2 of Experiment II at 
individual environments and averaged across eight environments 
1979 1980 _ 
Ames Marshall stuart Ottumwa Ames Marshall- stuart Ottumwa 
town town 
kg/ha 
Cycle 0 3540a^ 3651ab 2633ab 3205a 3545a 3044a 3401a 3169a 3274a 
Cycle 1 3495a 3548b 2476b 3194a 3704a 3040a 3417a 3063ab 3242a 
Cycle 2 3442a 3738a 2758a 3219a 3681a 3183a 3392a 2898b 3289a 
b value^ 8±87 
^Yields in the same column with the same letter are not significantly different (P>0.05) 
based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number. 
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which was a composite of all lines of that particular population. 
Testing 100 lines individually from each population would be pro­
hibitive. On the other hand, bulking 100 lines into a single entry 
might have resulted in intergenotypic competition, which may have 
affected the performance of the population; hence, the estimate of 
yield of the population would not be reliable. The yields among 
cycles in the early and midseason sets were not significantly dif­
ferent when evaluated using composites of 100 lines (Tables 22 and 
23). In the late set, yield of the C2 was slightly better than that 
of the CO lines, but was not significantly different from that of CI 
l i n e s  ( T a b l e  2 4 ) .  
Calculating genetic gain from selection in self-pollinated crops 
may be more appropriate when comparing the performance of individual 
lines because the ultimate goal of selection is to develop superior 
inbred lines. The genetic gain per cycle calculated from the means 
of the ten parents was 125 kg/ha in the early, -15 kg/ha in the mid-
season, and 37 kg/ha in the late set (Table 27). Because one cycle 
of selection was completed in 2 years, the genetic gain per year was 
62 kg/ha in the early, -7 kg/ha in the midseason, and 18 kg/ha in the 
late set. When gain was evaluated by comparing the highest yielding 
line from each cycle, the genetic gain per year from the three cycles 
of selection was 21 kg/ha in the early, -11 kg/ha in the midseason, 
and 19 kg/ha in the late set. Only in the early and late sets did 
recurrent selection result in positive genetic gain. 
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Table 27. Realized yield gain calculated from mean of the 10 parents 
and the highest yielding parent for the early, midseason, 
and late maturing sets averaged across six environments 
X parents Highest yielding lines 
Per cycle Per year Per cycle Per year 
kg/ha 
Early 125 62 42 21 
(4.3)* (2.2) (1.3) (0.6) 
Midseason -15 - 7 -23 -11 
(0.5) (0.2) (0.7) (0.3) 
Late 37 18 38 19 
(1.2) (0.6) (1.1) (0.5) 
^Figure in parentheses indicates percentage gain over the mean of 
cycle 0 parents. 
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Effect of Selection for Yield on the 
Other Agronomic Traits 
Some significant changes in lodging, plant height, and seed size 
were observed, but the changes were not consistent among the three 
maturity sets (Tables 28, 29, and 30). Maturity was deliberately con­
trolled during the selection process, so changes in maturity among 
cycles were not expected. Some differences in maturity were found 
among cycles in the three maturity sets, but the range was small. 
The CO parents consisted of strains from maturity of groups 0 to 
IV, while the parents of cycles 1, 2, and 3 were selected based on 
maturity groups I to III. For this reason, there were significant dif­
ferences in maturity between CO parents and that of the CI, C2, and C3 
parents in the early, midseason, and late sets. Among CI, C2, and C3 
parents, the mean maturity was quite similar, except for the C3 parents 
in the midseason set which was 2 days earlier than that of the CI or 
C2 parents (Tables 28, 29, and 30). 
Lodging score was decreased for the C3 parent in the early set, 
but no changes were observed in the midseason and late sets. Some sig­
nificant differences were observed for lodging scores among cycles in 
the midseason and late sets, but the differences were small. 
Compared with the CO parents, plant height for the CI, C2 and C3 
parents generally was greater, except in the late set. Comparisons among 
CI, C2, and C3 parents indicated a tendency toward shorter plants for the 
C3 parents in all three sets, but the changes were small and not con­
sistent across cycles, as indicated by taller plants of the C2 parents 
Table 28. Mean agronomie performance of the parents of cycles 0, 1, 2, and 3 for the early 
maturing set averaged across six environments 
Cycle Maturity^ Lodging^ Plant 
height^ Seed size Protein Oil 
days score cm g/100 seeds % % 
Cycle 0 38b^ 2.5a 93d 16.1c 42.1b 19.8a 
Cycle 1 44a 2.7a 105b 16.7b 42.9a 19.4b 
Cycle 2 44a 2.7a 109a 16,2c 43.2a 19.1b 
Cycle 3 44a 2.0b 101c 17.3a 42.9a 19.3b 
b-value® 1.8**±0.2 -0.1**±0.03 3.1**±0.5 0.3**±0.1 0.3**±0.1 -0.2**±0.1 
^ays after July 31 when 95 to 100% of the pods are mature. 
Scores ranged from 1 (plants erect) to 5 (plants prostrate]. 
'-Distance from the soil surface to the terminal node at maturity. 
^Means in the same column with the same letter are not significantly different (P>0.05) based 
on Duncan's multiple range test. 
®Linear coefficient for regression of the mean of the cycle on the cycle number. 
**Significant at the 0.01 probability level. 
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Table 29. Mean agronomie performance of the parents of cycles 0, 1, 
2, and 3 for the midseason maturing set averaged across six 
environments 
Cycle Maturity^ Lodging^ Plant height Seed size 
days score cm g/100 seeds 
Cycle 0 46cd 2.5b 99c 18.1a 
Cycle 1 50a 2.7a 106a 17.7b 
Cycle 2 50a 2.6a 108a 17.4c 
Cycle 3 48b 2.7a 103b 17.Id 
b-value® 0.7**±0.2 0.07±0.03 1.5**±0.5 -0.3**±0.1 
^Days after July 31, when 95 to 100% of the pods are mature. 
bScores ranged from 1 (plants erect) to 5 (plants prostrate) . 
^Distance from the soil surface to the terminal node at maturity. 
dWeans in the same column with the same letter are not significantly 
different (P>0.05) based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean of the cycle on the 
cycle number. 
**Significant at the 0.01 probability level. 
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Table 30. Mean agronomie performance of the parents of cycles 0, 1, 
2, and 3 for the late maturing set averaged across six 
environments 
Cycle Maturity^ Lodging^ Plant height^ Seed size 
days score cm g/100 seeds 
Cycle 0 SSa^ 2.4c 115a 18.0a 
Cycle 1 56c 2.8b 111b 17.5b 
Cycle 2 57b 3.1a 117a 16.8c 
Cycle 3 56c 2.6bc 107c 17.0c 
b-value® -0.4**+0.2 0.1**±0.03 -2.0**±0.5 -0.4**±0.1 
^Days after July 31 when 95 to 100% of the pods are mature. 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate) 
^Distance from the soil surface to the terminal node at maturity. 
^Means in the same column with the same letter are not significantly 
different (P>0.05) based on Duncan's multiple range test. 
^Linear coefficient for regression of the mean of the cycle on the 
cycle number. 
**Significant at the 0.01 probability level. 
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compared with the CI or C3 in the early and late sets. 
An increase in seed size for the C3 parents was observed in the 
early set, but in the midseason and late sets the seed size for the 
C3 parents was smaller than those of the CO, CI, or C2 parents. Sig­
nificant differences for seed size among CI, C2, and C3 parents were 
observed, but the differences were of minor importance. 
No significant changes in percent protein and percent oil among 
CI, C2 and C3 parents were indicated. The CO parents had significantly 
lower protein and significantly higher percent oil than the CI, C2, or 
C3 parents, but the differences were less than 1%. 
The regressions of trait performance on the cycle number indicated 
some significant b values, but the magnitude of the values was small 
and the relationships were not consistent across maturity sets (Tables 
28, 29, and 30). 
Data for the agronomic traits measured from the composites of 
parents or composite of unselected lines in Exp. 1 indicated some sig­
nificant differences among cycles for maturity, lodging, plant height 
and seed size in the early, midseason, and late maturing sets, but the 
changes were not consistent across maturity sets (Tables 31, 32, and 
33). Generally the changes in maturity, lodging, plant height and seed 
size due to the selection for yield were small. None of the regres­
sions of trait performance on the cycle number was significantly dif­
ferent from zero (Tables 31, 32, and 33). There was no significant 
change in percent protein or oil in the early set evaluated using 
composites of parents or composites of unselected lines (Table 31). 
Table 31, Mean agronomie performance for the composites of Experiment I in the early maturing set 
averaged across six environments 
Cycle Maturity^ Lodging^ Plant height^ Seed size Protein Oil 
days score cm g/100 seeds % % 
Composite of parents 
Cycle 1 
Cycle 2 
Cycle 3 
44.3b^ 
45.2a 
45.2a 
2.8a 
2.5b 
2.4b 
110a 
110a 
107b 
16.9b 
16.5b 
17.5a 
43.3a 
43.5a 
43.2a 
19.3a 
19.3a 
19.2a 
b value® 0.5±0.7 -0.2+0.2 -1.9±3.1 0.3+0.5 -0.04+0.4 -0.1±0.2 
Composite of lines 
Cycle 0 
Cycle 1 
Cycle 2 
45.6a^ 
44.0b 
44.2ab 
2.7a 
2.7a 
2.4b 
109a 
108a 
108a 
16.9b 
17,2a 
16.5b 
43.2a 
43. 3a 
43.0a 
19.4a 
19.2a 
19.2a 
b value -0.7+0.6 -0.2+0.2 -0.6+2.5 -0,01+0.6 -0.1±0.4 -0.1±0.2 
^Days after July 31 when 95 to 100% of the pods are mature. 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate). 
^Distance from the soil surface to the terminal node at maturity. 
^Means in the same column with the same letter are not significantly different (P>0.05) accord­
ing to Duncan's multiple range test. 
^Linear coefficient for regression of the mean of the cycle on the cycle number. 
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Table 32. Mean agronomie performance for the composites of Experiment I 
in the midseason maturing set averaged across six environments 
Cycle Maturity^ Lodging^ Plant height^ Seed size 
days score cm g/100 seed 
Composite of parents 
Cycle 1 49.9a^ 2.5ab 110a 18.3a 
Cycle 2 49.2a 2.6a 113a 17.5b 
Cycle 3 47.5b 2.4b 110a 17.3b 
b value -1.211.1 -0.0410.20 -0.0312.9 -0.4+0.4 
Composite of lines 
Cycle 0 52.la^ 2.9a 114a 18.0a 
Cycle 1 51.9a 2,8ab 115a 18.0a 
Cycle 2 49.6b 2.7b 115a 17.7a 
b value® -1.3+1.0 -0.110.2 0.112.8 -0.110.2 
^Days after July 31, when 95 to 100% of the pods are mature. 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate). 
^Distance from the soil surface to the terminal node at maturity. 
^Means in the same column with the same letter are not signifi­
cantly different (P>0.05) according to Duncan's multiple range test. 
©Linear coefficient for regression of the mean of the cycle on the 
cycle number. 
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Table 33. Mean agronomie performance for the composites of Experi­
ment I in the late maturing set averaged across six environ­
ments 
Cycle Maturity* Lodging^ Plant height^ Seed size 
days score cm g/100 seeds 
Composite 
parents 
of 
Cycle 1 
Cycle 2 
Cycle 3 
55.3b^ 
57.3a 
55.9b 
2.7b 
3.4a 
2.7b 
112b 
119a 
111b 
17.lab 
16.8b 
17.2a 
b-value 0.3+1.0 0 -0.3+2.6 0.1±0.8 
Composite 
lines 
of 
Cycle 0 
Cycle 1 
Cycle 2 
57.5a^ 
55.8b 
56.5ab 
3.1a 
3.3a 
2.6b 
123a 
123a 
116b 
17.6a 
17.4ab 
17.2b 
b-value® -0.5±1.0 -0.3±0.2 -3.1+2.5 -0.2+0.2 
^Days after July 31, when 95 to 100% of the pods are mature. 
^Scores ranged from 1 (plants erect) to 5 (plants prostrate). 
^Distance from the soil surface to the terminal node at maturity. 
Means in the same column with the same letter are not significantly 
different (P>0.05) according to Duncan's multiple range test. 
^Linear coefficient for regression of the mean of the cycle on the 
cycle number. 
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Comparison of Methods for Evaluating Gain 
from Recurrent Selection 
Five methods for evaluating the response to the recurrent selec­
tion were used in this study. The three methods tested in Exp. I in­
volved (1) comparing individual parents from each cycle, (2) comparing 
composites of the parents from each cycle, and (3) comparing composites 
of 100 unselected lines from each cycle. In Exp. II, two methods of 
evaluation were tested: (1) a composite of parents from each cycle 
across maturities, and (2) a composite of 300 lines from each cycle. 
Similar responses were indicated in all three maturity sets when 
the selection was evaluated using the individual parents or composites 
of the parents (Table 34). Similar differentiation of yield among 
cycles and a similar regression relationship were indicated by the 
two methods, except in the midseason set. Evaluation by use of the 
individual parents in the midseason set resulted in no significant 
differences among cycles and a nonsignificant regression coefficient, 
but using composites of the parents resulted in a significant differ­
ence among cycles and a significant regression coefficient. The trend 
of change in yield, however, was similar in both methods. 
Evaluation using a composite of 100 unselected lines failed to 
differentiate cycle differences in the early and midseason sets, but 
indicated a similar response to that evaluated by individual parents 
in the late set (Table 34). 
Regression of yield on the three cycles of selection in the early 
set indicated similar slopes when selection was evaluated using 
Table 34. Yield response to selection evaluated by individual parents, composites of the parents, 
and composites of 100 lines for the early, midseason and late maturing sets of Experi­
ment I, and composites of parents and composites of 300 lines of Experiment II 
Cycle 
Experiment I 
Early Midseason Late 
x 
Par­
ents 
Compos­
ite of 
10 
parents 
Compos­
ite of 
100 
lines 
— Compos-
"S , parents lines 
Compos­
ite of 
100 
X 
Par­
ents 
Compos- Compos­
ite of ite of 
10 100 
parents lines 
Experiment II 
Compos-
Compos-
ite of 300 
parents 
kg/ha 
Cycle 0 2873ca 3115a 3292a 3226a 3185c 2985b 3372a 3274a 
Cycle 1 3072b 3035b 3088a 3297a 3414a 3297a 3238b 3168b 3184a 3338a 3242a 
Cycle 2 3093b 3101b 3179a 3287a 3310b 3291a 3151c 3141b 3134a 3306a 3289a 
Cycle 3 3247a 3254a 3245a 3274b 3297a 3331a 3316a 
b value^ 110**±14 109**±22 32+29 -26±14 -70**±22 33±27 29*±14 82*±28 74*±31 -11±81 8±87 
fields in the same column with the same letter are not significantly different (P>0.05) based 
on Duncan's multiple range test. 
^Linear coefficient for regression of the mean yield of the cycle on the cycle number, calcu­
lated from cycles 1 to 3 for the individual parents and composites of parents, and from cycles 0 to 
the composites of lines. 
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individual parents or a composite of those parents (Table 34). The 
regression coefficient was 110 ± 14 kg/ha for the individual parents, 
and 109 ± 22 kg/ha for the composite of the parents. Both regression 
coefficients were significantly greater than zero. When selection in 
the early set was evaluated using a composite of 100 lines from each 
cycle, the slope for the regression was small (b = 32 ± 29 kg/ha) and 
not significantly greater than zero. 
Regression of yield on cycle number in the midseason set indicated 
a negative but not significant slope (b = -26 ± 14 kg/ha) when selection 
was evaluated using individual parents, a significant negative slope 
was obtained when selection was evaluated using a composite of the 
parents (b = -70 ± 22 kg/ha), and a positive, but not significant slope 
when selection was evaluated using a composite of 100 unselected lines 
(b = 32 ± 27 kg/ha). The trend was quite similar when individual par­
ents or composites of parents were used to evaluate the effect of selec­
tion. 
In the late set, the regression of yield on cycle number indicated 
positive significant slopes for the three methods. The slope for the 
individual parents was 29 ± 14 kg/ha, for the composites of parents 
was 82 ± 28 kg/ha, and for the composites of 100 lines was 74 ± 31 kg/ha 
(Table 34). 
No yield response was indicated when the selection was evaluated 
using composites of parents across maturity sets, or using composites 
of 300 lines from each cycle (Table 34). In both cases the yield of 
CO, CI, and C2 were not significantly different. Regression of yield 
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on cycle number resulted in slopes that were not significantly differ­
ent from zero for both methods. 
The differences among evaluation methods within maturity sets were 
tested using least square analyses (Eberhart, 1964). The three regres­
sion lines were not significantly different in the early and late sets, 
but were significantly different in the midseason set. The difference 
among slopes in the midseason set was due to the negative trend for 
the regression line based on the individual parents and the composites 
of the parents, but the positive trend for the regression line based 
on the composites of 100 lines. 
Regression lines for the two methods of evaluation in Exp. II 
were not significantly different one from another. 
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DISCUSSION 
The primary objective of recurrent selection evaluated in this study 
was to improve yield of the population from which high yielding pure 
lines could be extracted. If selection was effective, lines selected 
from cycle 2 should yield more than those selected from the cycle 0 
populations. 
The results from my study indicated that the responses to the recur­
rent selection were not consistent among maturity sets. In the early 
maturing set, the yield increased 120 ± 10 kg/ha per cycle, in the mid-
season set the yield decreased 14 ± 8 kg/ha per cycle, and in the late 
set the yield increased 29 ± 14 kg/ha per cycle. There was no consistent 
effect of selection for yield on the other agronomic characters measured 
in my study. 
Inconsistency of response to recurrent selection in soybeans has 
been reported previously. Kenworthy and Brim (1979) found significant 
yield improvement when selecting for seed yield per se, but no yield 
response when selection was based on efficiency or an index of yield and 
efficiency. Brim and Burton (1979) found a significant yield increase in 
one population and a significant yield decrease in another when selecting 
for protein. The differences in yield response in their study were mainly 
attributed to differences in the germplasm of the two populations. In 
the population derived from a cross of two adapted lines, selection for 
high protein resulted in a yield increase. In a population derived from 
backcrossing an adapted line to plant introductions, selection for high 
protein resulted in a yield decrease. 
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There are no obvious reasons for the inconsistency of response 
obtained among the three maturity sets in my study. The parents of the 
CI and C2 for all maturity sets were selected based on the yield per­
formance at Ames and Stuart. The two sites were more suitable for the 
midseason than for early and late maturing sets. The response to selec­
tion, however, was the least for the midseason set. 
Success of recurrent selection would depend on several factors, 
including (a) large genetic variation among lines to be selected, 
(b) sufficiently large population size to prevent inbreeding and genetic 
drift, and (c) accurate selection method, so that only the best geno­
types were selected. The population AP6 used in this program was de­
rived from three generations of intermating among 40 high yielding 
soybean cultivars. The base population, therefore, undoubtedly con­
tained a large genetic variation. The lines used as the selection unit 
in this program were F^- or F^-derived lines. The lines were developed 
by a form of single seed descent (Fehr, 1978), so each of the F^-derived 
lines traced to a different Fg family. Large genetic variation among 
lines, therefore, was expected. Several reports (Empig and Fehr, 1971; 
Knott and Kumar, 1975; Ivers and Fehr, 1978) had indicated that the 
single seed descent method is effective in retaining high-yielding 
lines. A sufficiently large number of lines (300 lines in each cycle) 
were evaluated for yield selection, and the 30 highest yielding lines 
were selected for parents in the subsequent cycle. The selection in­
tensity was 10%. 
Hill plots were used for selection of parents in each cycle. The 
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parents were selected based on 1 year data from two environments. 
Garland and Fehr (1981) indicated that yield selection from hill plots 
was as accurate as that from pair row plots in selecting the top 4% of 
the high yielding lines. The selection intensity applied in the popu­
lation AP6 was 10%; therefore, a certain degree of inaccuracy in select­
ing superior genotypes might have been present. This was probably the 
reason for the large yield variation among parents within each cycle 
(Tables 13, 14, and 15). 
The realized genetic gain obtained from recurrent selection was 
generally low (Table 27). In the early and late sets, where response 
to selection was positive, the genetic gain per cycle based on the mean 
of parents was 125 kg/ha for the early, and 37 kg/ha for the late set. 
The genetic gain obtained in the early set may justify the effective­
ness of recurrent selection for improving yield in soybeans, but this 
was not true in the midseason and late sets. 
The advantage of testing individual homozygous F^- or Fg-derived 
lines was that any superior lines from selection could be considered for 
release as new cultivars. Selection based on homozygous lines also was 
satisfactory in controlling the maturity of the populations. Selection 
for yield based on 51 performance in soybeans had been reported to 
shift the maturity toward the lateness (Fehr, 1974; Miller and Fehr, 
1979). 
Separation of the population into three maturity classes, early, 
midseason, and late, was useful in identifying the high yielding lines 
suitable for each environment. Comstock (1977) used the term "target 
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population of environments" to identify the environments to which the 
improved lines would be likely planted. By separating the population 
into early, midseason, and late maturity, the selection of high-yielding 
line suitable for each target environment would be more successful. Had 
the population not been divided into three subpopulations, the response 
to recurrent selection might not have been obtained. 
Evaluating the gain from recurrent selection using individual 
parents or a composite of the parents within each maturity set indicated 
the same response. Evaluation using a composite of the parents required 
less plots for testing . The advantage of evaluation using individual 
parents, however, is that lines from each cycle can be compared. 
Evaluating recurrent selection using a composite of parents across 
maturity sets, a composite of 100 unselected lines within maturity sets, 
or a composite of 300 unselected lines across maturity sets, generally 
did not detect the yield differences among cycles, except for the com­
posite of 100 unselected lines in the late set. Intergenotypic competi­
tion might have negated the relatively small yield differences among 
cycles. Gedge et al. (1978), however, reported that intergenotypic com­
petition effects were not preferentially associated with high or low 
yielding heterogeneous lines. Several reports had indicated (Walker 
and Fehr, 1978) that the yield performance of composites is similar 
to the average performance of the components. Composites in my experi­
ment, however, consisted of a large number of lines (100 or 300 lines) 
or of diverse maturities. While the yields of the composite entries 
were generally as high as those of the individual line entries, the 
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small differences among cycles were not detected. 
Because response to the recurrent selection depends on the method 
being used to evaluate it, a method of evaluation that corresponds to 
the objective of the selection should be used to evaluate the gain from 
recurrent selection. 
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SUMMARY AND CONCLUSIONS 
Response from three cycles of recurrent selection for yield using 
F^- or Fg-derived line selection in the soybean population AP6 was 
evaluated. The source population was derived from three generations 
of intermating among forty high-yielding lines and cultivars of matur­
ity groups 0 to IV. Response to selection was evaluated by testing 
the parents of cycles 0, 1, 2, and 3 as three maturity sets, early, 
midseason, and late, at six Iowa environments in 1979 and 1980. 
Response to selection also was evaluated by testing composites of par­
ents from each cycle and composites of unselected lines from each 
cycle. 
Positive and significant yield increases were obtained based on the 
mean of parents of each cycle of 120 t 10 kg/ha/cycle for the early and 
24 ± 9 kg/ha/cycle for the late sets, but no significant change in yield 
for the midseason (-14 ± 8 kg/ha/cycle) set. Evaluation of selection 
using composites of parents within each maturity set indicated similar 
response to that obtained from testing individual parents. Yield 
response was observed only for the late set when selection was evaluated 
using composites of 100 unselected lines within each maturity set. No 
yield response was indicated when evaluation was based on composites of 
parents across maturity sets or composites of 300 unselected lines 
across maturity sets. 
There was no consistent change in maturity, lodging, plant height, 
seed size, protein percentage, or oil percentage caused by selection 
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for yield. 
The advantage of using F^- or F^-derived line selection is that any 
superior lines from selection can be considered for release as new 
cultivars. Selection based on homozygous lines facilitates maintenance 
of the desired range of maturity within the population. 
Yield gain per cycle for the early and late sets favor the use of 
recurrent selection as a breeding procedure in soybeans, but the mid-
season set does not support that conclusion. The results from the 
study suggest that recurrent selection for yield in soybeans may not be 
superior to alternative breeding procedures commonly used. Recurrent 
selection in a soybean population can be readily integrated with culti-
var development. The choice of whether or not to use recurrent selec­
tion depends on the willingness of the breeder to intermate the se­
lected parents of each cycle. The weakness of recurrent selection for 
yield, in most cases, is that parents for the next cycle of selection 
have not been extensively tested for their yield ability. Conventional 
breeding methods generally involve the selection of parents that have 
been tested for many years. 
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